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GEO  OR  iTO  LOGY  CF  THE  LAKE  KICHILaN  SHORELINE 
INTRODUCTION 
The  Project 

Proposal.  In  October,  1951  William  E.  Powers  troposed,  with  the  endorse¬ 
ment  of  appropriate  officers  of  Northwestern  University,  a  nroject  for 
studying  the  shoreline  of  Lake  Michigan.  This  project,  entitled  "Lake  Michigan 
Shore  Erosion  and  Goomorphology  Project,"  was  submitted  to  the  Office  of 
Naval  Research,  U.3.  Department  of  the  Navy,  with  a  request  for  equipment  and 
funds  to  carry  on  field  work  for  2  summers,  and  office  work,  correspondence , 
research,  and  drafting  necessary  to  prepare  aop’-c.  i.jto  reports  of  progress, 
summary  reports,  and  a  final  report  on  the  findings  of  the  study.  The  pro¬ 
posal  was  approved  by  the  Office  of  Naval  Research  Q3  Project  No.  NR  237-015, 

and  in  March  1957,  Contract  No.  Nonr-1223(07)  was  negotiated  between  the 

«  ' 

Department  of  the  Navy  and  Northwestern  University  to  sunport  the  project  for 
a  period  of  ono  year  beginning  ?arch  15,  1956.  Preliminary  studies  and 
organizational  work  led  to  a  successful  program  of  field  study  during  the 
summer  of  1956.  Early  in  1957  the  orojoct  va3  approved  for  extension  during 
u  socond  year  33  originally  requested,  and  in  April  1957  the  Department  of  the 
Navy  entered  into  such  extension  of  Contract  Nonr-1228(07)  to  }  arch  U, 

1953.  A  socond  summer  of  field  work  and  a  second  year  of  office  work, 
research,  and  prepurw* ion  of  r  ports  w us  provided  for. 

2lli*j2JULY*a.  Thu  nrono*«l  for  this  study  at',  mm-  d  from  th-  n--  d  for  mor< 
complet'.  understanding  of  th  characteristics  and  di  v  lopm  nt  of  th,  shor.  linos 
of  lorg  inland  lak,..s.  3uch  shor:  lin-.  s  prs-nt  a  large  v-ari  ty  of  shor 
features  and  conditions,  which  ;r:  of  groat  inf lu:  nc-  on  all  asp  cts  of  man's 

use  of  th*.  shore.  In  places  th-:  continuing  proc  ssos  of  shor  lin  d  v.  lopncnt _ 

auch  as  th-  r'tn-at  or  r  trogradation  of  a  bluff  under  wav  erosion  —  have 
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made  it  difficult  and  expensive  for  man  to  maintain  his  use  of  the  shore 
areas.  Both  the  kinds  and  associations  of  shore  features  on  Lake  Michigan,  and 
their  developmental  processes ,  have  their  counterparts  in  other  large  inland 
lake  shores.  Thus  governmental  or  military  operations  elsewhere  can  benefit 
by  a  clear  understanding  and  description  of  Lake  Michigan  shore  features. 
Individuals  and  municipalities  vrho  own  shore  properties  are  also  in  a  position 
to  benefit  by  the  results  of  this  study  project. 

Specifically,  four  objectives  were  set  up: 

1.  To  identify  the  diverse  shoreline  features  of  Lake  Michigan,  and  to 
set  up  types  and  associations  into  which  they  may  be  grouped.  To  accomplish 
this,  it  v:as  proposed  to  map,  on  foot  or  by  automobile,  the  entire  shoreline 
of  Lake  Michigan  except  (1)  the  Illinois  shoreline  (Lake  and  Cook  Counties), 
and  (2)  the  shoreline  of  Milwaukee  County,  VJisconsin.  Beth  of  these  areas  are 
comprehensively  described  in  recent  reports  of  the  U.S.  Army,  Corps  of  Engineers.*- 

*■  Illinois  Shore  of  Lake  Michigan,  Beach  Erosion  Control  Study,  by  U.S. 

Army,  Corps  of  Engineers:  83d  Congress,  1st  session.  House  Document  No,  28, 

1953. 

Beach  Erosion  Study,  Lake  Michigan  Shoreline  of  Milwaukee  County,  VJisconsin, 
by  U.S.  Army,  Corps  of  Engineers:  79th  Congress,  2nd  Session,  House  of  Rep¬ 
resentatives  Document  No.  526,  l°i|6. 

City  of  Kenosha,  Wisconsin,  Beach  Erosion  Control  Study:  8Uth  Con-tress, 

2nd  Session,  House  Document  No.  273»  1 955. 

Other  control  studies  on  Lake  Michigan  by  the  U.S.  Army,  Corps  of 
Engineers,  arc: 

Racine  County,  '‘Jicconsin,  Beach  Erosion  Control  Study:  83d  Congress, 

1st  Session,  House  Document  No.  88,  1955* 

2.  To  appraise  and  measure  shore  developments  now  going  on,  including  the 
total  past  changes  duo  to  such  processes.  More  specifically,  to  identify 
shoreline  areas  of  retrogradation  and  progradation;  to  measure  if  possible 


-  «■*.  *  * 
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the  r-'te  of  such  changes;  and  to  determine  vrhcther  such  changes  proceed  at  a 
uniform  rate  with  respect  to  time,  or  occur  in  a  non-uniform  pattern  related 
to  cycler,  of  lake  levels,  unusual  storms,  etc. 

3.  To  summarise  and  present  in  appropriate  reports  information  on  shore 
features  and  processes,  so  that  future  changes  can  be  anticipated. 

iu  To  develo  :  methods  of  applying  the  findings  concerning  the  Lake 
Michigan  shoreline  to  an  understanding  cf  the  shores  of  large  inland  lakes  in 
other  parts  of  the  -world. 

Field  fork.  Field  studies  were  carried  on  by  the  director  from  June  to 
September,  1956,  and.  from  June  to  August,  1957.  During  1956  he  was  ably 
assisted  by  Ur.  Harold  A.  ‘.'inters  and  Hr,  John  v'»  Kunstmsnn,  graduate  students 
in  the  Department  of  Geography,  Northwestern  University.  In  1957,  Iir,  Winters 
alone  served  as  field  assistant. 

•  r. 

During  field  work,  the  director  and  his  assistants  inspected  the  entire 
shoreline  of  L dee  Michigan*  at  intervals  of  one  mile  or  loss,  with  few 

*  Hereafter  in  tills  report,  the  expression  "Lake  Ilichigan  shoreline"  will  be 
understood  to  refer  to  the  entire  shore  of  the  lake  exclusive  of  Milwaukee 
County,  ‘  isconsin,  and  Lake  and  Cook  Counties,  Illinois. 

exceptions.  Field  mapping  was  done  on  areal  photographs  procured  from  the 
U.S.  Dr.p-rtment  of  ‘.gri culture,  Voduction  and  li-.rkoting  Division.  These 
photos  on  a  seal,,  of  approximately  1*20,000  served  as  photonaps;  "nd  in  com¬ 
plete  stereo  coverage,  they  made  possible  the  photointor pro t a ti on  of  the 
shoreline  between  points  visited.  All  available  topographic  and  planimctric 
maps  of  the  shoreline  wt.ro  procured  and  made  use  of,  Approxim'tely 
per  cont  of  the  shoreline  is  covered  by  topographic  tn-.ps  (Table  I).  For  other 
"r  .as,  county  m-  ps  giving  the  government  To-nohi.,  -nd  Pxnge  System  -nd  the 
road  p-ttum  vrer*.  Very  useful,  particularly  by  furnishing  an  interpret  tion  of 


the  roads  and  fence  lines  .n  aerial  photos  with  rospect  to  Section  and  otv 
ship  boundaries. 

TaMe  I.  Published  Topographic^  Maps'  of  Lake  Michigan  Shore, 
v-  s  Advanced  print  subject  to  correction. 
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Ccntr'l  Lr.ke 

85°l5f  -  85°3C’ 

Ch-xlevoix 

85015 «  _  85°30' 

F-nnvillo 

86°00’  -  86°1$« 

Holland 

86°00*  -  86°1£3 f  . 

L-ko  H-r bor 

86°1^  -  86°  30' 

*  llont'.gue 

Q6°l9  -  86°  30* 

llur-kcgon 

86°00‘  -  06°l5T 

South  H'.ven 

86°lS’  -  86°30« 

.Throe  O-.ks 

86°30’  -  86°U5» 

Indians 

Dianes  Acres 

87°00’  -  W°07'  30” 

Hichig-n  City  "‘cat 

86°52«30"  -  87°00» 

Ogden  Dunes 

87°07*30"  -  ST0!^* 

Porter 

87°00«  -  87°3  5* 

Three  0-ks 

86° 30’  -  86°U5r 

Tollcston 

87cl^*  -  87°30» 

The  topographic  n*?s  in  t-.blo  I,  listv-d  clockwise 
uichig~n  shore ,  starting  M  the  Illinois-Tisconsin  st- 

Vfisconoinj 
Ttf-.ukog-.n 
R seine 
Bsyviorr 
rilrrukce 
Port  1  *'  shington 
5heboyg*n  F-  lls 
Sheboyg’  n  South 
Shwboyg -n  North 
r.levcl'.nd 


U2°l51  -  U2°30f 
U2°00 1  -  U20l5’ 
U5°ool  -  \6°i9 
h5°i9  -  h$°30' 
It2°30t  -  U2°U5f 
l&°k9  -  U3°00' 
1^3000’  -  h3°i5' 
k3°2li'  -  h3°30» 
U3°oo»  -  U3°15' 
h2°l3»  -  u2°30’ 

ia°U5’  -  U2°oo* 

Ul°37,30u  -  lil°U5 1 
Ul°37,30"  - 
!ilo37l30"  -  hl°U5T 
Ul°30’  -  hlcU5l 
la°U$*  -  a20oo» 
U1°30«  -  \H%9 

•.round  the  L".kc 
to  bound  *\ry,  nro: 


I 
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”risconsin:  (continued) 

M'nitovfoc 

Kuwaunae 

C'sco 

Nov:  '-V-nldin 
Green  Buy 

Michig~n: 

Ch'.rlv.voix 
CM.ntr“l  Luke 
Hont-guc 
Luke  Harbor 

iluskogon  ; 

Holland 
Fcnnvillc 
3~ngor 
South  H-vcn 
Benton  Harbor 
Throv.  G-ks 

Indi"nu: 

Throe  O'.ks 
•lichig  n  City  Vest 
Dunos  Acres 
Ogdon  Dunos 
.ortcr 
Tolleston 
C  lumot  Lake 

Illinois : 

C-  lumct  L~kc 
J  .cks on  ?  rk 
Chic  "go  Loop 
Evanston 
Highland  .'’-rk 
Wauk_gan 

The  narrow  width  of  meet  elements  of  the  shoreline  did  not  permit  them, 
in  general,  to  be  napped  as  areal  units.  Instead,  a  code  was  developed  to 
permit  an  orderly  description  and  summary  of  significant  elements  of  the  chore 
line.  This  code  will  be  described  below.  Detailed  stratigraphic  descriptions 
were  made  of  exposed  bluff  and  shore  materials,  and  more  than  700  samples  of 
beach  and  bluff  materials  vrere  collocted.  Those  will  form  tho  basis  for  a 
detailed  description  of  the  structure  of  many  parts  of  the  bluff  and  baokland 
area,  and  a  statistical  study  of  the  distribution  of  beach  materials  around 
tho  Lake  Michigan  basin. 
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Reports .  To  date,  tho  follovdng  progress  reports  have  been  issued  in 
mimeographed  form: 

1.  Report  of  Progress  No.  1,  November,  1956. 

.  2.  Report  of  Progress  No.  2,  September,  1957. 

3.  Status  Report,  November,  1957. 

It.  Summary  Report,  November,  1957.  d  !  '  r  ^ 

Tho  present  Final  Report  will  present  in  scientific  form  the  major 
findings  on  the  gcomorphology,  detailed  description,  and  classification  of 
the  shoreline  features  of  Lake  Michigan,  as  well  as  an  analysis  of  shoreline 
changes  at  about  lu5  points  solocted  for  remcasurement.  The  mass  of  material 
collected  cannot  all  be  presented  within  a  single  report,  and  therefore  it 
is  anticipated  that  certain  additional  scientific  studios  will  be  made  and, 
if  given  approval  by  the  Office  of  Naval  Research,  will  be  submitted  for 
publication  to  appropriate  journals. 
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THE  LAKE  MICHIGAN  BASIN 
General  Description 

Lake  Michigan  is  hydrologically  a  ’in it  with  Lake  Huron,  and  constitutes 
the  part  of  this  great  double  water  body  which  lies  west  of  the  Strait  of 
Mackinac  between  Mackinaw  City  and  St.  Ignace,  Michigan.  The  Lake  Michigan 
basin  is  slightly  curved  in  outline  but  is  generally  elongated  in  a  north- 
south  direction,  with  a  curve  toward  the  northeast  at  the  northern  part  of 
the  basin.  The  trend  and  curvature  of  the  basin  are  rather  closely  adjusted 
to  rock  structure,  the  basin  lying  in  a  weak-rock  belt  of  Devonian  shale  (s>-o 
b^low).  From  the  southernmost  point  at  Gary,  Indiana,  to  the  northernmost 
point  n-ar  Naubinwny,  Michigan,  the  length  is  about  315  miles.  The  maximum 
width  is  about  7 6  miles,  in  the  latitude  of  Grand  Haven  and  Milwaukee, 
Throughout  most  of  its  length  the  lake  is  50  to  60  miles  or  more  in  width. 

The  total  area  of  water  surface  is  nearly  22,h50  square  miles. 

The  greatest  depth,  92li  feet,  occurs  in  the  north-central  part,  approx¬ 
imately  in  the  latitude  of  Kewaunee,  A  broad  submerged  ridge  less  than  22iO 
feet  deep  crosses  the  basin  in  roughly  the  latitude  of  Milwaukee  and  Muskegon. 
The  basin  south  of  this  ridge  is  56’i  feet  deep  and  constitutes  the  southern 
third  of  the  lake. 

The  southern  two-thirds  of  the  Lake  Michigan  basin  is  marked  by  shores 
smoothly  curved  in  plan,  with  no  bnyo  and  almost  no  natural  harbors  suitablo 
for  large  craft.  Those  harbors  which  have  been  developed  here  are  mainly  of 
two  types:  (l)  small  rivers  dredged  to  float  large  vessels,  as  the  Milwaukee, 
Chicago  and  .-’ike  Rivers;  and  (2)  elongated  coastal  lakes  ouch  as  Muskegon 
Lake.  Guch  lakes  were  once  stream  valleys  eroded  to  a  lower  former  level  of 
Lako  Michigan,  then  drowned  and  partly  cut  off  by  sand  bars  as  the  Lake  Michigan 
level  rose.  It  has  been  shown  by  Hough  that  Lake  Michigan's  predecessor, 
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called  Lake  Chippewa,  stood  3^0  feet  lower  than  the  present  level.* 


Hough,  J*L.,  Pleistocene  Chronology  of  the  Great  Lakes  Region:  Final 
Report,  Office  of  Naval  Research  —  University  of  Illinois  Project  NR-018-122, 
Urbane,  Illinois,  1$53. 

Hough,  J.L.,  Geologic  History  of  Great  Lakes  Beaches:  Proceedings,  Fourth 
Conference  on  Coastal  Engineering,  Countil  on  ’lave  Research,  University  of 
California,  Berkeley,  195k,  up.  79-100. 

Three  Large  embaynents  are  present  in  the  northern  part  of  the  Lake 
iiichigan  basin.  Green  Bay  on  the  northwest  is  about  15  by  116  miles  in  size. 
It  'lies  parallel  to  Lake  Iiichigan  and  separated  iron  the  latter  by  dolomite 
peninsulas  called  the  Door  and  Garden  Peninsulas,  respectively  (see  Plate  I). 
At  the  north.  Green  Bay  is  divided  by  a  second  peninsula  —  the  Stonington  — 
into  two  parts,  Big  Day  de  Noc  on  the  east  and  Little  Bay  de  Hoc  on  the  west* 
Between  Garden  and  Door  Peninsulas  the  dolomite  ridge  or  cuesta  is  partly 
submerged  and  gives  access  to  Green  Bay  between  several  rocky  islands*  On 
the  east  of  Lake  Iiichigan,  Little  Traverse  Bay  trends  east-west,  vdth  a  length 
of  about  ton  miles.  South  of  it,  Grand  Traverse  Bay  forms  an  indentation 
about  10  by  30  miles  in  size,  trending  south  from  its  entrar.ee  at  the  north. 

A  narrow  poninsula.  Old  ilission  Point,  divides  the  bay  for  more  than  half 
its  length.  The  east  and  west  arms  of  Grand  Traverse  Bay  were  parallel  to 
glacial  advance  during  at  least  part  of  the  Ice  Age,  and  were  deeply  scoured. 

A  depth  of  53U  foot  in  the  eastern  arm,  and  390  feet  in  the  western  arm,  have 
been  moaourod. 

Several  islands  occur  in  tho  northeastern  quarter  of  Lake  Michigan,  but 


nono  is  presont  farther  south. 


A.  surrounding  land  nr  or.  of  more  thru  i;7,000  squr.ro  miles  drains- to  Lrko 
ilichigan,  Tho  divide  bounding  this  drr.inr.ge  area  lies  more  then  11?  miles 
from  the  Lake  Michigan  chore  or.st  of  South  Hr.vcn,  Michigan;  r.nd  leer,  than 
$  miles  frer.  tho  shore  between  Waukegan,  Illinois,  rad  tho  L'is  cons  in-Illinois 
boundary.  In  rn  arc  extending  from  tho  IndianaJIichigan  boundary*  around 
southorn  Late  Michigan  and  northr.rr.rd  to  Port  Washington,  Wisconsin,  the  divide 
is  everywhere  less  than  20  miles  from  tne  lake  shore.  Throughout  much  of 
this  distance  the  divide  follows  the  crest  of  the  Valparaiso  glacial  moraine. 
The  divide  lies  about  100  miles  northwest  of  Green  Bay, 

No  major  rivor  flows  into  Lake  Michigan.  The  principal  streams  now  or 
formerly  entering  the  lake  rare  as  fellows,  clockwise  beginning  at  the  south: 

In  Indiana: 

Trail  Creek  (at  Michigan  City) 

Grand  Calumet  liver  (at  Cary,  formerly  filler) 

In  Illinois 

Chicago  River 
Waukegan  River 
In  Wisconsin: 

Pike  River  (at  Kenosha) 

Root  River  (at  Racine) 

Milwaukee  Rivor 

Sucker  Creek  (near  Port  '..ashing ton) 

Sheboygan  River 

Pigeon  Rivor  (at  Sheboygan) 

Ilaritowoc  Rivor 

East  and  T'rost  Twin  Rivers  (at  Tr.-o  Rivers) 

llovr.unee  River 

Ahnapco  River  (at  Algomr.) 

To::  Rivor  (at  Green  Bay) 

Duck  Creek  (at  Green  Bay) 

Ponsaukec  River 
Oconto  River 
Peshtigo  River 

'ienomineo  River  ("isconsinn  lichigan  boundary) 

In  northern  Michigan: 

Cedar  Rivor 
Ford  Rivor 
Escanaba  River 
Rapid  River 
Till  to  fish  Rivor 
Sturgeon  Rivor 
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In  northern  Michigan  (continued) 

Fishdnm  Rlvor 
Manistiquo  River 
In  southern  Michigan: 

Botsio  River 
Manisteo  River 
Big  Sable  River 
Lincoln  River 

Pero  Marquette  River  (at  Ludington) 

Pentwater  River 

"White  River 

Muskegon  River 

Grand  River  (at  Grand  Haven) 

Black  River  (Mncatnwa  Lake) 

Kalamazoo  River 

Black  River  (at  South  Haven) 

Pawpaw  River  (at  St.  Joseph) 

3t«  Joseph  River 
Oallen  River 

Of  those,  the  Chicago  River  was  reversed  in  1900  by  the  Chicago  Sanitary 
District  development  and  now  taken  water  from  Lake  uichiganj  while  the  Grand 
Calumet  River* s  mouth  at  Gary  has  long  been  closed,  the  river  discharging 
through  Bums  Ditch,  an  artificial  cut  oast  of  Gary,  .and  the  Lake  Calmet 
harbor  canal,  in  south  Chicago,  Only  eight  streams  have  an  average  discharge 
into  Lako  Michigan  of  more  than  1000  cubic  feet  per  second.  These  are 


Fox  River 

Ft.3  /j 
U,317 

Monomineo  River 

3,202 

Grand  Rivor 

3,080 

St.  Joseph  River 

2,791 

Manistique  River 

1,7U7 

Muskegon  River 

1,726 

Kalamazoo  Rivor 

1,236 

Manistee  River 

1,088 

Most  streams  entering  Lake  Michigan  have  their  maximum  flow  between  March 
and  Juno,  due  to  molting  of  Ydnter  snow  and  to  a  general  maximum  of  precip¬ 
itation  at  that  season  in  this  region.  A  considerable  variation  occurs  in 
stronm  flow,  tho  maxim m  recorded  flows  oxcooding  tho  avorago  by  factors 
ranging  from  U.7  to  11  in  tho  larger  streams  and  from  3*2  ‘bo  38  in  tho  smaller 
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ones.  The  maximum  flow  exceeds  the  minimum  by  factors  of  from  2h  to  l$h  in 
tho  larger  streets,  and  from  52  to  moi*o  than  1000  in  tho  smaller. 

Tho  amount  of  sediment  now  being  carried  into  Lako  Michigan  by  tributary 
stroemo  is  small  in  comparison  with  sodimonts  eroded  from  bluffs  of  unconsol¬ 
idated  mr.torials  by  wave  action.  The  prevalence  of  abrupt  bluffs  or  cliffs 
along  a  large  portion  of  the  shoreline  (see  Section  maps  1  to  26,  and  text 
below)  is  indication  that  such  shores  arc  retreating  undor  vrave  attack. 

Deltas,  'which  indicate  a  substantial,  contribution  of  sediment  by  the  streams 
that  build  them,  arc  generally  absent  except  on  the  west  side  of  Green  Bay. 
Hero  tho  Oconto,  Pcshtigo  and  Menominee  Rivero  have  built  small  deltas,  each 
indicated  by  a  projecting  point  of  land  at  the  mouth  of  the  stream. 

Relief 

Lake  Michigan  is  surrounded  by  plains  of  relatively  low  relief,  that 
originated  mainly  as  glacial  till  plains  or  as  lacustrino  plains  submerged  by 
former  higher  stagos  of  the  lake  during  retreat  of  the  continental  glacier. 

In  places  these  plains  rise  gently  with  increasing  distance  frcci  the  present 
shore,  as  on  tho  west  side  of  Green  Bay,  In  other  places  the  adjoining  land 
was  originally  higher,  and  wavo  erosion  has  developed  steep  bluffs  ranging  in 
height  from  ten  or  twenty  feet  to  as  much  as  5h0  feet  (at  Sleeping  Bear  point 
in  Loolanau  County,  Michigan),  Such  bluffs  commonly  slope  from  20  to  35 
degrees  to  the  horizontal.  At  places  sand  dunes  have  developed  along  the  shore 
and  form  a  belt  of  varying  width,  but  commonly  less  than  one  mile  wide.  Those 
dunes  rango  in  height  from  a  few  foot  to  more  than  200.  Their  slopes  rango 
from  a  few  degrees  to  moro  than  35  degrees.  Such  duno  bolts  .aro  most  common 
on  tho  north-,  east  and  south  shores  of  tho  lako,  and  aro  generally  associated 
with  ureas  of  lake  plain  inland.  Bedrock  occurs  at  or  just  above  lake  level 
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at  many  points  on  the  north  coast,  but  bedrock  areas  inland  generally  rise 
only  a  few  foot  or  tons  of  foot  above  the  lake.  A  few  exceptions  occur  where 
bedrock  makes  an  upland  from  £>0  to  200  feet  or  more  above  lake  level,  with  a 
steep  or  vortical  rock  cliff  formed  by  wave  action.  Notable  examples  arc 
parts  of  the  west  shore  of  Door  Peninsula,  Wisconsin,  and  Garden  and  Stonington 
Peninsulas,  Michigan, 

Inland  from  the  shore,  rcliof  remains  small  and  all  parts  of  the  drainage 
area  tributary  to  Lake  Michigan  may  be  classed  as  rolling  to  flat  plain. 

Coastal  Landform  Types 

An  inventory  of  landforms  along  the  Lake  Michigan  coast  indicated  that 
the  following  major  typos  arc  present: 

A,  Upland  with  bluff  facing  lake.  Categories  of  upland  as  to  origin  or 
structure  include: 

1,  Glacial  till  plain 

2,  Glacial  sand  and  gravel  outvrash  plain 

3,  Dune  sand  plain 

hm  Lacustrine  plain,  or  sand  and  gravel 

5,  Lacustrine  pin?-  of  silt  and  clay 

B,  Lott  plain  without  bluff.  Categories  as  to  origin  and  structure  include 

1-5,  Game  as  under  upland 

6,  Stroam  alluvial  plain  or  delta 

?.  Swamp 

8,  Bedrock  plain, 

C,  Forodunc  belt;  i,e,,  low  dunes  not  more  than  a  few  decades  old, 
lacking  large  trees  or  forest.  Some  foredune  areas  arc  marked  by 
a  low  nip  or  bluj?f  marking  recent  erosion  by  waves. 

D,  Old  dunes,  generally  higher  than  foredunes  and  partly  or  wholly 
fixod  by  forest  and  other  vegetation*  Some  old  dune  areas  are  marked 
by  wave-eroded  bluffs  facing  bench, 

E,  Sand  bar  or  spit.  Several  long  lakes  emptying  into  the  eastern  side 
of  Lake  Michigan  wore  originally  river  valleys  eroded  to  a  lower  level 
of  the  lake,  but  arc  now  drowned  by  rise  of  lake  level  and  are  partly 
cut  off  by  bars  or  spits  built  by  wave  action.  On  somo  of  those  bars 
and  spits,  sand  dunos  havo  boon  built. 
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F.  Bedrock  upland  with  cliff.  The  fact  that  such  rocky  cliffs  are 

generally  far  steeper  than  bluffs  in  unconsolidated  materials  indicated 
that  they  belong  in  a  different  category  from  the  bluffs  and  uplands 
of  type  A  above. 

II.  Reed  marsh  coast.  This  type 3  in  contrast  to  types  A  to  F  above, 

generally  has  no  beach  associated  with  it.  Type  M  always  associated 
with  one  or  the  other  basic  types  of  shore, 

R*  Artificial  fill,  placed  by  man  to  control  shore  erosion  or  to  support 
a  highway  or  some  other  man-made  structure. 

For  purposes  of  field  mapping,  a  code  was  developed  to  indicate  the  above 
landform  types  and  their  combinations,  together  with  minor  subdivisions  of  and 
additions  to  then.  This  code  and  its  use  will  be  explained  below.  It  will  be 
noted  that  types  A,  B,  D  and  F  indicate  the  character  of  the  backland  area. 
Bluffs  and  cliffs  generally  display  excellent  cross  sections  of  the  geological 
materials  and  structure  of  the  backland. 

Geological  Setting  of  the  Lake  Michigan  Basin 

Underwater  Conditions.  The  lake  basin  consists  of  two  depressions 
separated  by  a  broad  submerged  swell  between  Muskegon  and  Milwaukee ,  The 
southern  basin  slopes  gently  inward  from  all  sides  to  its  deepest  point  of 
$6h  feet.  The  submerged  ridge  is  less  than  2h0  feet  deep  at  several  places. 

It  probably  is  the  submerged  terminal  moraine  of  the  Valders  glacial  lobe, 
whose  red  drift  marks  the  last  major  glacial  advance  down  the  Lake  Michigan 
basin  into  eastern  Wisconsin.  The  larger  northern  depression  is  irregular 
in  form,  with  generally  steeper  submerged  slopes  on  tho  east  side  than  on 
the  west.  The  maximum  depth  of  92h  feet  lies  almost  due  east  of  Kewaunee, 
Underwater  contours  suggest  that  its  eastern  margin  may  be  a  drift-mantled 
westward-facing  cuesta  similar  to  that  forming  tho  west  side  of  the  Door 
Benins via.  The  northeastern  part  of  the  basin  is  very  irregular  in  form. 

Most  of  the  islands  stand  like  tablelands  with  steeply  sloping  margins,  rising 


from  depths  of  2J>0  to  300  feet.  Several  submerged  platforms  would  form  islands 
if  water  level  should  drop  50  to  100  feet.  Grand  Traverse  Bay  is  a  double 
submerged  valley  almost  fiord-like  in  form.  The  two  arms  have  depths  of  390 
and  53^  feet  in  the  south,  although  tho  northern  entrance  to  the  bay  is  a 
threshold  only  138  feet  deep,  Expending  eastward  through  the  Strait  of 
Mackinac  is  a  narrow  submerged  gorge  known  to  be  more  than  150  feet  deep. 

This  probably  was  the  outlet  valley  for  the  former  lake  stage  (Lake  Chippewa) 
whon  the  v?ator  stood  350  feet  lower  than  at  present.  Green  Bay  is  generally 
shallow,  largely  less  than  100  feet  deep,  and  appears  to  be  an  elevated  platform 
overhanging  the  doepor  Lake  Michigan  basin  on  the  east. 

Exposed  Bedrock  Geology,  Although  bedrock  exposures  are  limited  along 
most  of  the  Lake  Michigan  shoreline,  the  lake  basin  nevertheless  is  clearly 
related  in  form  and  trend  to  the  regional  bedrock  and  stru  cture.  Prom  an 
outcrop  on  the  beach  near  79th  street  in  Chicago  no  bedrock  is  exposed  around 
the  south  end  of  the  lake  and  northward  past  Grand  Traverse  Bay  to  near  Norwood 
in  Charlevoix  County,  -Michigan,  where  a  low  cliff  of  shale  is  present,  Frequent 
rock  outcrops  occur  between  Norwood  and  Petoskey,  and  from  Mackinaw  City 
west  to  Waugoshance  Point,  Michigan,  North  of  the  lake,  bedrock  forms  many 
reefs,  lodges,  and  low  points  frem  St,  Ignace  westward  to  the  Garden  and 
Stonlngton  Peninsulas,  Door  Peninsula  is  a  roc'q/-  cuesta,  high  on  the  west. 

South  of  it,  the  only  bedrock  exposures  on  the  west  side  of  Lake  Michigan 
are  near  Algoma,  at  Sheboygan,  north  of  Racine  (Y/ind  Point),  and  probably  in 
tho  water  off  Glencoe,  Illinois, 

Rook  formations  underlying  Lako  Michigan  or  its  shores  range  in  ago  from 
Ordovician  to  Mississippian,  with  the  Silurian  and  Devonian  systems  also 
represented.  It  is  difficult  to  draw  up  generalized  stratigraphic  sections  for 
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the  states  of  Wisconsin,  Michigan,  Illinois  and  Indiana,  partly  because  local 
names  ar.d  degree  of  differentiation  vary,  but  also  because  stratigraphy  varies 
and  correlations  are  not  agreed  upon  for  many  units.  The  following  descrip¬ 
tion,  given  in  order  of  age,  suggests  stratigraphic  relations  that  appear  to 
hold  generally  throughout  the  area, 

Ordovician.  The  Trenton-Black  River  (mainly  limestones)  of  Michigan 
correlate  ■with  the  Galena-Black  River  dolomites  of  Wisconsin  and  Illinois, 
These  are  resistant  units  and  lie  northwest  of  Green  Bay.  The  Haquoketa  shale 
of  Illinois  correlates  viith  the  Richmond  shale  of  Wisconsin,  which  underlies 
southern  Green  Bay.  This  time  interval  is  represented  in  northern  Michigan 
by  the  Queenston  Shale,  Big  Hill  limestone,  Stonington  limestone  and  Bills 
Creek  Shale.  Hie  resistant  Stonington  makes  the  peninsula  of  that  name,  while 
the  Bills  Creek  shale  forms  Little  Bay  de  Noc  lowland,  Queenstown  shale  under- 
lies  western  Big  Bay  de  Noc, 

Silurian.  The  massive  Niagaran  dolomite  of  Wisconsin  and  Illinois  forms 
the  Door  Peninsula  cuesta.  Its  correlatives  in  northern  Michigan  are  the 
Guelph  (youngest) ,  Engadine  and  Manistiquo  dolomites,  Burnt  Bluff  limestone, 
Mayville  dolomite,  Cabot  Head  shale,  and  Manitoulin  limestone.  The  Garden 
Peninsula  cuesta  appears  to  be  formed  of  the  Manistique, while  the  Engadine 
forms  roefs  and  low  ledges  along  much  of  the  north  shore  of  Lake  Michigan. 

The  Salina  sories  (salt,  limestone,  shale,  dolomite,  and  gypsum)  of  upper 
Silurian  age  forms  a  weak  rock  belt  containing  Brevort  Lake,  northwest  of  St, 
Ignace, 

Devonian.  Tho  Lake  Micliigan  basin  is  eroded  largely  in  Devonian  rocks. 

At  the  south,  in  Indiana,  tho  rock  units  arc  the  Now  Albany  shale  (youngost 
Dex'onian  present),  Beochwood  and  Silver  Creek  limestones,  and  Jeffersonville 
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shale .  At  the  north,  the  Straits  of  Mackinac  area  is  underlain  by  the  Devonian 
Onandaga  series,  including  the  Mackinac  and  Dundee  limestones.  South  of  the 
Straits  area,  extending  as  far  as  Frankfort,  the  younger  Devonian  Traverse 
series  underlies  tho  coast  and.  the  eastern  part  of  the  Lake  Michigan  basin. 

The  Traverse  series  includes,  where  differentiated,  the  Thunder  Bay,  Alpena 
and  Long  Lake  limestones,  and  the  Bell  shale. 

Mississippian.  The  coast  and  eastern  part  of  the  Lake  Michigan  basin  south 
of  Hrankfort  are  underlain  by  rocks  of  the  Mississippian  system.  The  form¬ 
ations  which  reach  the  coast  or  basin  are  the  Antrim  shale  (oldest),  Coldwater 
shale,  and  lower  Marshall  sandstone.  Younger,  higher  strati graphically 
Mississippian  formations  aro  found  inland,  toward  the  east. 

Unconsolidated  mantle.  The  bedrock  formations  enumerated  above  are  almost 
Ttoolly  covered,  except  on  the  northern  and  northwestern  shore  areas  of  Lake 
Michigan,  by  glacial  deposits  of  till,  gravel  and  sand;  by  glaciolacus trine 
deposits  of  sand,  gravel,  silt  and  clay;  by  eolian  deposits  of  dune  sand;  or 
by  marsh  vegetation  and  muck. 

Geological  Structure .  Lake  Michigan  lies  on  the  west  and  northwest  flanks 
of  a  shallow  basin  structure  in  sedimentary  rocks,  centered  in  southern 
Michigan.  In  the  oentral  and  southern  parts  of  Lake  Michigan,  the  associated 
sedimentary  bedrock  formations  dip  or  slope  down  toward  the  east  at  an  angle 
of  100  foot  or  less  per  mile.  The  northern  Lake  Michigan  basin  lies  northwest 
of  the  center  of  the  structural  basin,  so  that  tho  dip  is  there  to  the  south¬ 
east,  at  50  to  100  foot  p or  mile.  The  curved  basin  of  Lake  Michigan  thus 
follows  closely  tho  curved  outcrop  of  the  weaker  rock  formations  mainly  of 
Devonian  ago,  mid  may  bo  said  tc  lie  in  a  " strike  valley,"  Tho  term  "strike" 
moans  tho  direction  at  right  angles  or  normal  to  the  direction  of  rock  dip. 
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Relation  of  Lalro  Michigan  Basin  to  Moraines.  Most  if  not  all  the 
glacial  drift  in  and  adjacent  to  the  Lake  Michigan  tasin  appears  to  have  been 
dropped  by  glacial  lobes  that  advanced  down  the  basin  lowland  from  the  north- 
oast,  and  then  spread  outward  from  the  center  of  the  basin  onto  the  surrounding 
highor  plains.  Marginal  moraines  therefore  trend  ro  uglily  parallel  to  the 
presont  shoreline.  However,  later  glacial  advances  did  not  reach  quite  as  far 
south  as  earlier  ones. 

South  of  Milwaukee  and  Muskegon,  the  glacial  moraines  at  and  near  the 
shore  belong  to  the  Lake  Border  morainic  system  built  during  the  Cary  glacial 
substago  of  the  last  or  Wisconsin  glacial  stage.  Inland  from  (or  outside  of) 
tho  sevoral  Lake  Border  morninos  aro  older  morainos  callod  in  Illinois  the 
Tinley  and  Valparaiso,  also  deposited  during  tho  Cary  substage.  Tinley  or 
Valparaiso  drift  may  occur  beneath  Lake  Border  drift,  where  exposed  in  bluffs 
along  tho  shore.  North  of  Milwaukee  and  Muskegon,  red  drift  called  ’/aiders 
in  Wisconsin  and  Manistee  in  Michigan  forms  the  moraines  along  the  shore. 

This  drift  is  of  the  Mankato  substage  of  tho  Wisconsin  glacial  stage,  the 
glacial  lobe  of  which  reached  only  as  far  as  the  two  cities  mentioned.  However, 
it  is  known  that  a  Cary  glacial  lobe  —  called  the  Port  Huron  later  than 
tho  Lake  Border,  advanced  into  tho  northern  Lake  Michigan  basin  before  Mankato 
time.*  Therefore,  it  is  to  be  expected  that  tho  red  Valders-Manistee  drift 

*  Brotz,  J.H.,  Tho  stages  of  Lake  Chicago:  Their  causos  and  correlations: 
American  Journal  of  Science,  vol,  2lt9,  19$1,  pp.  iiOl-ij.29. 

may  bo  underlain  by  deposits  of  Port  Huron,  Lake  Bordor,  or  even  older  glacial 
ago.  Sections  of  glacial  drift  exposed  in  bluffs  in  tho  northern  part  of  tho 
basin  generally  show  several  drift  sheets  which  attost  the  successive  glacial 
advances  and  retreats *, 
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PHYSIOGRAPHIC  UNITS  OF  THE  LAKE  MICHIGAN  SHORE 
Physical  Elements  of  the  Shore  Zone 
Definitions .  Tho  shoro  zone  is  commonly  divided  into  the  offshore^ 
the  shore,  tho  landfaco ,  and  tho  backland,  The  offshore  extends  seaward  from 
tho  low  water  mark  (or  waterline,  in  the  case  of  lakes  with  slight  fluctuations 
in  water  level).  The  shore  is  the  zone  between  low  water  mark  and  the  highest 
limit  reached  by  waves  or  ice  shove.  The  landface  is  a  zone  extending  landward 
from  upper  limit  of  chore,  to  limit  of  direct  influence  of  shore  processes. 

The  baclcland  is  a  zone  extending  indefinitely  landward  from  tho  inner  limit 
of  landfaco.  Tho  shoreline  is  technically  the  boundary  between  offshore  and 
beach;  and  in  practice  this  means  the  outer  limit  of  the  shore,  or  tho  low 
water  line.  The  coast  is  a  zone  of  indeterminate  width  extending  landward 
from  t-hc  shore;  it  therefore  includos  tho  landface  and  baclcland.  The  coast¬ 
line  is  the  boundary  between  shore  and  landfaco.  The  term  shore  zone  refers 
to  the  combined  offshore,  shore,  and  landfaco. 

The  present  study  deals  with  the  shore,  landface,  and  outer  margin  of 
backland.  The  shore  at  most  places  includes  a  beach,  generally  of  sand  but 
in  srcio  cases  composod  of  gravel,  cobbles,  boulders  or  other  loose  materials. 
The  beach  i8  commonly . subdivided  into  the  foreshore  or  lower  beach,  reached 
by  ordinary  storm  waves;  and  the  backshoro  or  upper  beach,  reached  by  waves 
only  during  exceptional  storms,  and  perhaps  reached  by  ice-shovo  during  winter 
fr  oozes, 

Tho  landfaco  may  be  a  cliff,  a  bluff ,  a  nip,  or  a  gentle  slope  marking 
tho  outer  edge  of  backland,  A  cliff  is  a  stoop  or  vertical  slope  in  rock. 

Cliffs  overlooking  and  near  to  the  Lake  Michigan  shoro  wore  duvolopwd  by  wave 
orosion  at  thoir  bass,  Tho  tom  bluff  rcfor3  to  a  sharp  slopo  in 
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unconsolidated  material  ruch  as  glacial  till  or  dune  sand.  Such  materials, 
■when  orodocl  bolero  by  wave  action  along  tho  shore,  tend  to  slide  down  until 
they  attain  their  angle  of  repose  for  the  conditions  present.  Old  bluffs  in 
glacial  till  commonly  are  no  steeper  than  25° >  but  where  recently  undermined 
by  wave  action,  bluffs  in  till  may  attain  slopes  of  ii0°  to  50°  or  more.  Loose 
dune  sand  makes  bluffs  at  its  angle  of  repose,  generally  about  32°,  A 
recently  formed  low  bluff  only  a  few  feet  high  is  often  called  a  nip.  Low 
plains  not  subject  to  recent  wave  erosion  may  have  merely  a  gentle  slope  down 
to  the  beach  as  a  result  of  former  wave  work.  Such  a  declivity  is  not  a  true 
nip  or  bluff* 

Elements  Present,  The  elements  composing  the  Lake  Michigan  coast  and 
shore  havo  boon  in  part  enumerated  under  Coastal  Landform  Types,  In  terms  of 
the  nomenclature  of  shoro  zones,  these  elements  include  tho  following: 

Backland:  a.  Uplands  of  several  types  of  unconsolidated  deposits,  or 

,  r*  _  _  i  _ 
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b.  Low  plains  of  the  same  materials 

c.  Foredune  areas 

d.  Old  dune  areas 

o.  Artificial  fill 

Shoro:  a.  Foreshore  zone 

b.  Backshore  zone 

c.  Rock  reefs  or  ledges  in  shore 

d.  Sand  bar  or  spit 

o,  Reed  marsh  coast,  generally  without  a  true  beach 

Landfaco:  a.  Bluff  or  nip 

b.  Cliff 

A  Codo  for  Mapping  Elements  of  the  Shore  Zone 

Test  mapping  procedures  resulted  in  a  workable  code  system  for  setting 
down  all  significant  elements  of  the  shoro  zone,  except  descriptions  of  tho 
foroshorc  and  backshoro.  Bocauso  a  beach  zone,  with  foreshoro  and  backshore, 
gorierally  occuns  .  along  with  all  types  of  landface,  it  was  believed  that  tho 
addition  of  coded  information  on  beaches  to  tho  codo  for  the  b a  deface  would 
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prove  cumborsomo  to  the  user  of  the  report.  Therefore,  the  code  deals  only 
■with  the  backlnnd,  lnndfnco,  and  such  unusual  features  of  the  shore  as  rock 
roofs  or  marsh. 

The  mapping  code  is  as  follows! 

A,  Upland  v/ith  bluff. 

Ah  —  high  bluff,  more  than  20  feet  high. 

A1  —  love  bluff,  loss  than  20  feet  high. 

Materials  of  bluff  and  backlnnd : 

1.  Glacial  till 

2.  Glacial  sand  and  gravel 

3.  Dune  sand 

lu  Lacustrine  sand  and  gravel 
3>.  Lacustrine  silt  or  clay 
Examples:  AH-1,  high  upland  of  till,  with  bluff, 

AI-I/I4,  low  upland  of  till  over  lacustrine  sand  and 
gravel,  rath  bluff, 

B,  Low  plain,  generally  without  nip. 

Materials  of  plain: 

1  to  5*  Same  as  above 

6,  Stream  alluvium,  mainly  gravel,  sand  mud  and  silt 
7*  Swamp 
8.  Bedrock 

If  rock  ledgo  or  roof  occurs  in  beach  zone,  r  is  added. 

Example:  B-2-r,  low  plain  of  glacial  sand  and  gravel,  with  reef 
on  beach. 

C,  Foredunes,  mostly  less  than  20  feet  high, 

Cb,  if  low  bluff  or  nip  is  present. 

C,  if  no  bluff  or  nip  is  present, 

D,  Old  dunes,  generally  wooded  and  mostly  more  than  20  feet  high, 

Dh  —  high  dunes,  more  than  iiO  foot  high, 

D1  —  low  dunes,  less  than  IiO  feet  high. 

If  bluff  is  present  b  is  added. 

Example:  Dlb,  low  dunes  with  bluff, 

E,  Sand  bar  or  spit. 

If  dunos  are  on  top,  d  is  added. 

Example:  Ed,  spit  or  bar  with  dunos, 

F,  Bedrock  upland  with  cliff. 

Ib  —  high  cliff,  more  than  20  feet  high, 

FI  —  low  cliff,  loss  than  20  foot  high. 
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M.  Reocl  mnrah  in  offshore  or  foreshore.  Generally  no  bench  is  presont. 
This  typo  occurs  with  othor  basic  typos  of  coastal  features. 

Example:  B-li-ii:  Love  plain  of  lacustrine  sand  and  gravel,  with 
reed  marsh  offshore. 

R.  Artificial  fill.  This  generally  occurs  with  some  other  basic  types 
of  coastal  featuros. 

Example :  A1-2-R,  upland  of  glacial  sand  and  gravel  rath  bluff  less 

than  20  foot  high,  with  artificial  fill  along  "shore,” 

All  coastal  featuros  of  Lake  Michigan,  in  their  various  combinations 
and  associations,  were  mapped  by  uso  of  the  code  described  above.  In  field 
notes,  detailed  descriptions  were  taker,  of  (a)  the  shore,  including  vridth 
and  materials  of  the  foreshore  and  backshorc;  (b)  the  height,  angle  of  slope, 
materials  and  structure  of  the  landfacc  (i.o.,  bluff  or  cliff);  nature  of 
backloncl  area;  (c)  the  stability  of  shore  and  landfacc,  specifically  whether 
stable,  retrograding  under  shore  erosion,  or  prograding  under  processes  of 
deposition;  (d)  evidence,  if  any,  for  direction  of  longshore  current,  liany 
bluffs  showed  detailed  stratigraphy  involving  several  units  of  glacial  till, 
glacial  or  lacustrine  sand,  gravel,  silt  or  clay  «—  and  those  sections  were 
roc.ordod  and  described  in  detail.  They  vail  form  the  basis  for  an  analysis 
of  the  glacial  stratigraphy  of  tho  Lake  Michigan  area..  Samples  of  beach 
sands  from  the  foreshore  and  backshorc ,  and  of  the  materials  composing  the 
adjacent  bluffs  or  backlond,  wore  collected  at  18b  selected  stations,  to  a 
total  of  70h  sample.-, . 

Associations  of  Cor.stal  Features  of  Lake  Michigan 
Along  tho  thouse.nd  miles  and  more  of  Lake  Lichigan’s  shore  zone,  the 
codod  olomonts  as  listed  above  are  found  in  a  variety  of  combinations.  An 
©nuneration  of  sesno  of  these  indicates  how  necessary  it  was  to  develop  a 
code  or  symbolism  to  record  the’  olemonts  associated  at  oach  station  studied. 
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High  Bluff .  Characteristic  associations  arc: 

Ah  —  High  bluff  aiono. 

Ahr  —  High  bluff  with  rock  reef  on  shore  bclovr. 

Ah-B  —  High  bluff  above  lov  plain* 

Ah-C  —  High  bluff  with  foredunes  at  base.  If  dunes  have  nro  or 
bluff,  Ah-Cb, 

Ah~Al —  High  bluff,  back  of  lov;  bluff. 

Ah-Dl  —High  bluff  rath  lov;  dunes  at  base.  These  dunes  may  have 

thoir  own  bluff,  Ah-Dhb,  or  may  have  foredunes  adjacent 
to  beach:  Ah-Dh-G  or  Ah-Dh-Cb. 

Lott  Bluff.  Characteristic  associations  are: 

A1  —  Lov  bluff  alone. 

Al-B  —  Lea:  bluff  above  lov;  plain.  If  rock  reef  on  beach,  Al-B. 

Or  if  reed  marsh  in  offshore,  Al-B-H, 

Al-C  —  Low  bluff  vdth  foredunes  at  base.  If  nip  in  dunes,  Al-Cb, 

Al-AI  —  Lov  bluff  with  reed  marsh  in  offshore. 

Al-Al  —  Tvro  lov;  bluffs,  one  back  of  the  other. 

Al-Ah  —  Lov  bluff  above  and  back  of  high  bluff. 

Lov;  Plain.  Characteristic  associations  are: 

B  —  Lov;  plain  alone.  If  rock  reef  on  beach,  B-r. 

B-M  —  Low  plain  with  roed  marsh  in  offshore* 

B-C  —  Low  plain  with  foredune  bolt.  If  nip  in  dunes,  B-Cb, 

B-E  —  Lov;  plain  with  marginal  sand  bar  or  spit.  If  foredunes  on 

plain,  B-C-E. 

Foredunes.  These  always  aro  associated  with  other  elements  of  land- 
face  or  baclcLand,  and  are  therefore  included  with  the  latter. 

High  Old  Dunes.  Characteristic  associations  are: 

Dh  —  High  dunes  alone, 

Ch~C  —  High  dunes  with  lower  foredune  belt.  If  nro  in  foredunes, 
Dh-Cb. 

Dh-Dl  —  High  dunes  back  of  low  old  dunes.  If  bluff  in  latter 

Dh-Dlb*  If  foredunes  also  occur,  Dh-ECL-C  or  Dh-Dl -Cb. 

Dh-B  —  High  dunes  on  low  plain.  If  foredunes  near  lake,  Dh-B-C 
or  Dh-B-Cb, 

Dh/Ah  —  High  dunes  on  upland  with  high  bluff.  If  foredunes  at 
base,  Dh/Ah-C  or  Dh/ah/cb, 

Dhb  —  High  dunes  with  oroded  bluff.  If  foroduno  belt  is  prosent, 
Dhb-C  or  Dhb-Cb, 

Dhb/Al—  High  dunes  vdth  old  bluff  on  upland  vdth  lov  bluff. 

Dhb-B  —  High  dunes  vdth  olcl  bluff  on  low  plain. 


2h. 


Low  Old  Dunes.  Characteristic  associations  are: 

D1  —  Low  old  dunes  alone.  If  rock  roof  on  beach,  Dl-r. 

Dl-C  —  Low  old  dunes  with  foredunes.  If  nip,  Dl-Cb, 

Cl -3  —  Low  dunes  on  low  plain.  If  foredunes  also,  HL-B-C. 

Dl/Al  —  Low  dunes  on  upland  with  low  bluff, 

Dl/Ah  —  Low  dunes  on  upland  with  high  bluff, 

Dlb  —  Lott;  dunos  idth  bluff.  Those  may  occur  on  low  plain, 

Dlb-B;  or  on  spit  or  bar,  Dlb-E, 

Dlb-C  —  Lott  dunes  with  bluff,  above  foredune  belt. 

Spit  or  Bar,  The  most  ccr-imon  association  is  with  foredunes,  E-C  or 
E~Cbj  or  with  old  low  dunes,  E-Dl..ordEDlb . 

High  Bedrock  Cliff.  Characteristic  associations  arc: 

Fh  —  High  cliff  alone.  If  reefs  on  beach,  Fh-r. 

If  reed  marsh  in  offshore,  “n-M, 

Fh-B  —  High  rock  cliff  back  of  lot;  plain. 

Fh-A.1  —  High  rock  cliff  above  upland  with  low  bluff. 

Low  Bedrock  Cliff,  Characteristic  associations  arc  similar  to  those  of 
high  bedrock  cliff* 

Description  of  Lake  Michigan  Shore  Zono  in  Terms 
of  Physiographic  Unlt3 

Tho  shoro  zono  of  Lake  Michigan  varies  significantly  from  place  to  place. 
Dotnilod  mapping  of  the  shore  zone  elements  indicates  that  more  than  600 
distinct  physiographic  units  nro  prosont,  oach  distinct  from  thoso  adjacent 
to  it.  These  phy  iographic  units  are  shown  on  Section  Maps,  Numbers  1  to  26, 
The  locations  of ' tnese  section  maps  are  indicated  on  Plate  I.  In  addition 
to  tho  physiographic  units  of  the  shorozono,  these  section  maps  givo  also 
the  coda  mapping  symbols  for  nearly  1700  shore  stations,  and  a  smallor 
number  of  symbols  indicating  graphically  tho  guneral  character  of  the  coast 
(whether  high  bluff,  low  dune,  cliff,  etc.)  and  the  height  of  bluffs,  dunes, 
and  cliffs  composing  the  landfaco  of  backland,  Soo  Appendix  I,  pago  102  , 
which  is  an  erralanation  of  thoso  «7mbols  used  on  the  26  Soction  Maps, 

Appendix  II,  pago  103  >  is  a  copy  of  tho  code  usod  in  fiold  mapping,  which 


e::plains  the  letter  and  graphic  symbols  used  on  the  Section  Haps. 

Belov;  is  a  tablo  listing  tho  basic  elements  by  symbols,  .and  basic  in¬ 
formation  on  the  landfacc  and  shore,  fer  tho  more  than  600  physiographic 
units.  Tho  following  abbreviations  are  used  for  the  beach  sediments: 


s 

—  sand 

fn 

—  fine 

cs 

—  coarse 

med 

—  medium 

gT 

•*-  gravel 

cobs 

—  Cobbles 

bldrs  —  boulders 


TAbliS  II 


.  Physiographic  Units  of  the  Lake  Michigan  Shore  Zone. 


Physio¬ 

graphic 

unit 

number 

1 

Basic 

coast 

zono 

olanonts 

B-U 

Hoight(ft.) 
bluff, 
cliff 
oi’  dunos 

Slope  in 
dogreos , 
bluff  or 
cliff 

Backshoro : 
width  in  ft.j 
materials 

Foreshore : 

width  in  ft 
materials 

— 

0-5h 

S,  90$ 
med  gr 

0-77 

S,  75-98$ 

mod  gr 

2 

Al-h 

8 

ho 

lit 

s,  5o$ 

cs  gr 

33 

S,  10$ 
cs  gr 

3 

Ah-3A 

30 

35-90 

0-10 

S,  30$ 
cs  gr 

Ih 

gr 

cobs 

k 

Al-h 

10-18 

30-50 

none 

o-i5 

s 

gr 

biles 

5 

R 

— 

— 

— 

6 

Al-h-B-h 

35 

above 

plain 

20 

33 

S,  70$ 
med  gr 

18 

S 

mod  gr 

7 

Ah-U/1 

38 

30-70 

0-10 

S,  95$ 
fn  gr 

l6-h3 

S,  h0$ 
med  gr 

8 

R 

15-25 

50-90 

none 

nono 

9 

Ai-hA 

Al-1 

12-lU 

10-90 

39-75 

S,  98$ 

.fn  gr 

33 

S,  97$ 
fn  gr 

10 

Ah-1 

Ah-U/5 

Ah-h/5A 

30-50 

35-60 

0-27 

S,  35-97$ 
mod  gr 
cs  gr 

0-55 

s,  25-95$ 

cs  gr 
cobs 

n. 

Ah-?A-B-R  35-H5 

above 

■plain 

30 

nono 

nono 

12 

Ah-)4A 

Ah-1 

Ah-5A 

18-55 

35-70 

0-25 
s,  99$ 
fn  gr 
clay 

o— U7 

S,  99$ 
fn  gr 

26. 

Photo 

number 


Figure  6 


27. 


Physio-  Basic 
graphic  coast 
unit  zone 

number  elements 

13  Ah-5A*'A1-5-r 

Height  (ft*), 
bluff , 
cliff 
or  dunes 

Slope  in 
degrees, 
bluff  or 
cliff 

Bnckshoro: 
vridth  in  ft.} 
materials 

Foreshore*, 
vridth  in  ft.  | 

materials 

l£ 

10 

30-h5 

10 

S,  60$ 
cs  gr 

15 

S,  80% 
mod  gr 
cobs 

Ht 

B-lt-r 

— 

— 

30-38 

S,  50-92$ 
cs  gr 

20-27 

s,  50-85$ 

med  gr 

15 

Ah-1 

Ah-5A 

Ah-lt/5A 

27-100 

35-90 

0-90 

S,  92-99$ 
fn  gr 

10-37 

S,  UO— 985b 
med  gr 

16 

Ah-1 

75-100 

35 

Narrow  shore 

zone 

17 

Ah-l-Al-lt  100 

10-20 

s 

3-10 

S,  95$ 

fn  gr 

22 

S,  95$ 
fn  gr 

18 

Ah-1  75-150 

Ah— 1— It— 5  A 

Ah-1/5A 

26-90 

0-25 

S, 25-97$ 
mod  gr 
cs  gr 

6-U2 

3,  20-98$ 
fn  gr,  cs  gr 
cobs,  blurs 

19 

Ah-AL-lt 

15-20 

30 

15 

S  ,  ItO/j 
cs  gr 
cobs 

12 

S,  20$ 
fn  gr  cobs 
bldrs 

20 

Ah-1 

50-90 

30-35 

6-25 

s,  25-50$ 

mod  gr 
cs  gr 

22-25 

S,  ltO-99$ 
cs  gr 
bldrs 

21 

Al— It. 
Al-li-r 

lt-15 

30 

0-20 

S,  25$ 
cs  gr 

0-25 

s,  25$ 

cs  gr 
cobs 

22 

B-lt-r 

— 

— 

10 

S,  252 
os  gr 

20 

s,  70$ 

os  gr,  cobs 
blclrn 

23 

Al-lt-r 

15 

io-i5 

13 

s,  105 
cs  gr 

20-25 

S,  9 6% 
bldr3 

Photo 

numba* 


28 


Physio¬ 

Basic 

Hoight(ft.) 

Slope  in 

Backshoro: 

Foreshoro :  Photo 

graphic 

Const 

bluff, 

dogroes, 

Width  in  ft,; 

width  in  ft,;  number 

unit 

zone 

cliff 

bluff  or 

materials 

materials 

number 

clomonts 

or  dunos 

cliff 

2li 

B-h 

11 

25 

S,  90% 

S,  9h% 

mod  gr 

f  n  gr 

2.5 

Al-h 

12 

30 

18 

hO 

CO 

«• 

* 

>1 

S,  97$ 

mod  gr 

fn  gr 

25A 

B—li 

- 

25-30 

5o-55 

B-lw 

S,  99% 

s 

"  t  gr 

26 

B—h 

— — 

■MM) 

.j-27 

17-37 

B-hC 

S,  99% 

s 

fn  gr 

bldrs 

27 

B  -ii-Cb 

— 

-  T 

35-60 

37-55 

S 

s 

28 

B-l*-C 

1 _ „ 

mm^mm 

0-53 

35-67 

B  — li 

s 

s 

29 

B-h-Cb 

—  ,-r  — 

0-27 

0-35 

S 

s 

30 

Dl-Cb 

35 

20-30 

27-kO 

S,  99% 

S,  96-^99% 

fn  gr 

fn  gr 

31 

Dlb 

l?-3? 

30-35 

17-25 

30-35 

Dl-C 

3-6 

S,  93 -99% 

S,  96-99$ 

fn  gr 

fn  gr 

cs  gr 

cs  gr 

32 

Ah-h 

io-5o 

35-60 

0-32 

0-55 

Ah-1 

S 

S 

Al-5 

33 

BJ; 

— — — 

- 

35 

100 

s 

s 

3 h 

R 

m+mmm m 

none 

nono, 

Riprap 

35 

Ah-li 

15-18 

35 

ho 

35 

plus 

s 

s 

3 6 

Ah— L'  -r 

30 

35-hO 

nono 

nono 

29. 


Physio¬ 

Basic 

H  oight(ft,)  Slopo  in 

Backshorc : 

Fore shores 

Photo 

graphic 

const 

bluff 

dogroos, 

width  in  ft,j 

width  in  ft,* 

number 

unit 

zono 

cliff 

bluff  or 

matorials 

matorials 

number 

olomonts 

or  dunes 

cliff 

37 

Ah-5/L 

35-60 

35-60 

0-15 

5-27 

Ah-hA 

S,  95-982 

S,  5-982 

Ah-1/1;AA 

mod  gr 

cs  gr,  cobs 

cs  gr 

bldrs 

38 

Ah-5-B-h 

15-25 

30 

12 

22 

above 

S,  92% 

S,  952 

plain 

mod  gr 

mod  gr 

39 

Ah-hA 

18-80 

20-60 

0-20 

11-hO 

Ah-5/h 

3,  90-9$ 

S,  20-9$ 

Ah-l/h/5A 

fn  gr,  mod  gr 

fn  gr,  cs  gr 

bldrs 

hO 

Al-l-B-h— R  1$ 

30 

8-17 

ho-h5 

Al-h-B-h 

above 

plain 

S 

S 

hi 

Ah-l-Al-5 

20 

hO 

none 

0-35 

l£ 

30 

s 

h2 

Al-h 

9-18 

15-50 

0-22 

15-hO 

Figure  h 

Al-5 

S,  95-9$ 

S,  0-982 

Figure  5 

Al-1 

cs  gr 

med  gr,cs  gr 
bldrs 

h3 

B— h 

■■■■■■ 

..  ■— 

7-32 

32-37 

S 

S 

hh 

B-h-Cb 

S-ao 

-Tr— l . 

20 

37 

S 

s 

h5 

Dl-C 

ioJi? 

35-ho 

10-63 

h7-75 

Dl-Cb 

5-i5 

S 

S 

h  6 

Dlb 

20 

30 

10 

27 

3  j  97% 

S,  982 

fn  gr 

mod  gr 

h7 

Dl/B-h 

10 

— n  ■ 

10 

37 

abovo 

S,  97% 

S,  92 % 

plain 

cs  gr 

fn  gr,cs  gr 

h8 

Dlb 

15-30 

30-ho 

17-2^ 

35-hO 

Figure  16 

Dl/B-h 

S,  99% 

S,  96-982 

cs  gr  .fn  gr,cs  gr 


Physio-  Basic 
graphic  const 
unit  zone 

number  elements 

Height (ft,) 
bluff, 
cliff 
or  dunos 

Slope  in 
degrees, 
bluff  or 
cliff 

Backshore : 
width  in  ft, ; 
materials 

foreshore : 
width  in  ft.; 
materials 

30. 

Photo 

number 

h9 

Al-ii 

ai-IjA 

5-16 

h5-5o 

3-5 

S,  95-97$ 
mecl  gr,  cs  gr 

21 

S,  80-99$ 
med  gr,cs  gr 

5o 

B-b 

— 

— - 

15 

s 

16 

S,  99$ 
fn  gr 

51 

Al-1 

15 

5o 

6 

S,  99$ 
cs  gr 

20 

S,  98$ 
fn  gr,med  gr 

52 

Ah-1/5A  12-95 

Ah-iA 

Ah-l-Ah4iA 

Al-1 

35-90 

0-33 

S,  85-100$ 
cs  gr,med  gr 
clay 

0-32 

s,  50-99$ 

fn  gr/aed  gr 
cobs,  bldrs 

53 

B-b 

— 

• — 

30 

S 

1*5 

s 

$k 

Ah-l/ItA 
Ah-1  /5A 

Ah-1 

55-70 

35-90 

0-15 

s,  55-9b$ 

mod  gr 
cs  gr 

8-35 

s,  60-96$ 

med  gr,cs  gr 
bldrs 

Figure 

55 

Ah-l-Al— 1 

9 

1 

10 

S,  88$ 
med  gr 

35 

S,  95$ 
cs  gr 

56 

Ah-1 

Ah-lA 

AlvJ-AA 

55-70 

35-90 

0-15 

S,  bO-93$ 
cs  gr 
cobs 

12-30 

S,  65-99$ 
fn  gr,med  gr 
cs  gr, bldrs 

57 

Al-1 

9-18 

35-50 

b-6 

s,  30-50$ 

med  gr,cs  gr 
bldrs 

16-18 
med  gr 
cs  gr 
bldrs 

58 

Ah-l-B— 1 
Ab-l-B-u 

30-35 

above 

plain 

30-35 

8-12 

S,  80-92$ 
med  gr,cs  gr 

25 

s,  10-25$ 

med  gr,cs  gr 

59 

Ah-1 

70 

bo 

6 

gr,  bldrs 

23 

s,  60$ 

gr,  bldrs 

31 


Physio-  Basic 
graphic  coast 
unit  zone 

number  eloment 

Height(ft,) 
bluff, 
cliff 
or  duiics 

Slope  in 
degrees, 
bluff  or 
cliff 

6o 

Al-h 

17-20 

23-hO 

61 

Ah-1 

Ah-l/Ii 

33-70 

33-90 

62 

Ah-l/W.L 

-h  30 

11 

4 

33 

63 

B— U 

Ah-l-B-h/l  30 

above 

plain 

20-33 

6b 

Al-h 

104L3 

30-33 

63 

Al-h-r 

10 

'  33 

66 

Ah-l-Al-h 

33 

22 

ho 

30 

67 

Ah-1 

33 

33 

68 

B — U 

Al-h 

3-8 

where 

Al-h 

13-33 

vihere 

Al— 2.- 

69 

3— It— r 

— — 

B-h-C  13  30 

3-It-Dlb  Dlb  where 

Dlb 


Backshoro : 
width  in  ft,; 
materials 

Foreshore : 
width  in  ft,; 
materials 

Photo 

number 

13-22 

S 

21-^ 

S,  88-993 
fn  gr 

0-8 

S,  25-705 

cs  gr,  bldrs 

12-10 
s,  23-653 

med  gr,cs  gr 
bldrs 

8 

S,  903 
cs  gr 

20 

S,  805 

mod  gr,cs  gr 
bldrs 

3-10 

s,  23-903 
cs  gr 

16-30 

S,  25-963 
cs  gr 

io-i3 
s,  70-993 

cs  gr 

22-35 

S,  92-1005 
cs  gr,  bldrs 

o 

✓ 

cs  gr 

h5 

s,  955 
cs  gr 

6-8 
cs  gr 

21 

s,  605 

cs  gr,  bldrs 

Narrow  gravell; 

7  beach  zone 

0-39 

3,  30-933 

mod  gr,cs  gr 
bldrs 

17-h2 

S,  60-1005 
fn  gr,med  gr 
cobs,  bldrs 

12-22 

S,  0-903 
fn  gr,  cobs 
bldrs 

10-33 

S,  0-805 

uo  y 

bldrs 

Figure  10 

33-51 

S,  98-1003 
fn  gr 

22-h9 

S,  995 
fn  gr 

70 


32 


"r.ysio— 

graphic 

unit 

number 


Basic  Height (ft.) 

coast  bluff , 

cone  cliff 

element  or  dunes 


Slope  in  Bad: shore: 
degrees  width  in  ft.; 
bluff  or  materials 
cliff  _ 


Foreshore:  Photo 

rridth  in  ft*;  n ruber 
materials 


71 

B-h-r 

72 

B-li 

3-10 

30 

B-h-C 

Yfhere 

where 

B-h-Bl 

Al-h 

Al, 

B-h-C 

Al 

73 

B-h-C 

B-h-Cb 

3-12 

where 

C 

" 

7k 

Dl-C 

Dl-Cb 

2-10 

35 

73' 

B-h-r 

— 

— 

76 

B— 1' 

Dl/B-h-r 

Al-h-Dl 

5-8 

where 

Al  or 

D1 

h5 

7 1 

n 

?0*=?0 

78 

B— li— C 

5-8 

79 

B-h-Dl-Cb  ’ 

30-35 

T-55 

30 

80 

Dhb 

U5-50 

U3 

81 

Dh-Fl 

ij=8 

90 

82 

FI 

10-20 

90 

83 

B-h,/8-r 

B-h 

— 

Oh 

•  FI 

h-6 

90 

5o 

60 

S,  935 

S,  205 

fn  gr 

cs  gr,cobs 

slabs 

10-39 

16-U5 

S,  83-995 

S,  85-995 

med  gr 

fn  gr.med  gr 

cs  gr 

2h-3h 

29-h0 

S,  95-995 

B ,  995 

fn  gr 

fn  gr 

3h-73 

27-52 

s,  955 

S,  955 

fn  gr 

fn  gr 

narrow  gravelly  shore 

o-h5 

0-28 

s,  o-ioo5 

s,  o-ioo5 

fn  gr,med 

gr  fn  gr,cobs 

hone 

none 

61 

h  9 

S 

S 

56 

38 

s 

O 

39-50 

28-31 

s 

none 

none 

none 

none 

0-17 

0-16 

S 

s 

Rock  bench  30-70  ft.  wide 

Rock  bench  30  ft,  wide 

cobs, 

slabs 

33. 


< 


\ 

i 

I 

i 


» 

\ 


Physio-  Basic  Height (ft.) 

graphic  coast  bluff , 

unit  cone  cliff 

number  element  or  dune 


85  B-lt 


Slope  in  Backshore : 
degrees,  width  in  ft.; 
bluff  or  materials 
cliff  _ . _ 


Foreshore : 
width  in  f t , ; 
materials 


20-hh 

S,  95-99'/-'  S 
fn  gr 


86 

Bl 

Dlb 

Dl/B-li 

15-35 

87 

71 

0-10 

88 

B-8-r 

-  ■ 

89 

Al-li-r 

8 

25 

23-50 

22-53 

S,  96-995 

5,  99b 

fn  gr,med  gr 

fn  gr 

90 

Rock  bench  15- 

.20  ft.  wide 

Rock  bench  30- 

■uO  ft.  nice 

slabs,  bldrs,  cobs 

15-20  o-i5  none 

cr,  gr 

fijck  bench  25  ft.  wine 


90 


93 
9lt 

!  9* 

I 

I  96 


97 


! 


98 


99 


F1  6-12 

B-h 

B-8-r  — 

B-5-r-H  — 

B-b  5, 

B-U-C  dunes 

B-8-r 

FI 

Al-U  01 

B-h 

B-h-H 

Al-l-Al-U  2 
9 


B— 6— b 


15-90 


35 


O-36  0-57 

S  vS 

Rock  bench  20  ft*  vino 

3h  3U-51 

S  s 

Rock  bench  10-100  ft.  wide 

none  — —  reex  at  va^cr  lin— 

bo-60  25-5o 

s 

Rock  bench  30-110  ft.  "vide , 
slabs,  cobs,  mud,  bldrs 

Zone  58  ft.  wide  of 

coarse  gr,  cobs,  s  20b 

0-3 

S,  muck 
18 

s,  25:5 

cobs,  bldrs 

Rock  bench  30— 60  ft.  v.idc 
slabs,  cobs,  bldrs 


C-8 

s,  90-1005 

cs  gr 

6 

s,  355 

cobs,  bldrs 


Photo 

number 


3U. 


Physio¬ 

graphic 

unit 

rubber 

Basic 

const 

zone 

elements 

Height(ft,) 
bluff, 
cliff 
or  dime 

Slope  in 
degrees , 
bluff  or 
cliff 

100 

B-Li-r 

B-h 

101 

B-li-i! 

— 

— 

1UC 

D  t.  %« 

— 

— 

103 

FI 

9 

90 

lOLi 

B-h 

__ 

— 

Backshore : 

Fores’nnre : 

width  in  ft.; 

width  in  ft.; 

materials 

materials 

0-26 

12-55 

S,  0-85/5 

no  s 

fn  gr,cs  gr 

fn  gr,cs  gr 

cobs,  slabs 

cobs,  slabs 

Or,  rock  bench 

20-100  ft.  wv 

none 

none 

Rock  bench  33  ft,  wide 

No  benches. 

Flat  dolomite 

shelf,  awash 

21 

23 

5, 

S 

in  gr 


10$ 

106 

107 

108 

109 

110 

111 

112 

113 


FI 

B-8-r 

B-li 

10, 

where 

cliff 

90, 

whore 

cliff 

Sand  beach,  O-UO  ft,  vri.de 
Rock  bench,  mostly  awash 

B-U-C 

— 

— — 

19 

S,  955 
tried  gt 

22 

S,  935 
fn  fh 

FI 

13 

90 

Me  bee. ehes 

Rock  reef  awash 

Al-U-C 

10 

?>$ 

33 

s,  855 

fn  gr,  cobs 

2h 

S ,  90p 
fn  gr 

B-h-r 

— 

— 

36 

cs  gr 

none 

Fh 

FI 

i5-ho 

U5-90 

Rubble  zone  and 

ledge,  15-25 

20-ft.  cs  gr 
one  point 

rock 

ft.  wide . 
beach, 

E-O-h 

— 

— 

Bench  zone  30  ft.  wide, 
cs  gr,  cobs,  bldrs 

Fh 

High 

steep 

Harrow  bench  zone 

B-h 

— 

— 

10-17 

cs  gr,  cobs 

19 

cs  gr,  cob 

35 


Physio-  Basic 
graphic  const 
unit  zone 

number  elements 

Height (ft.) 
bluff, 
cliff 
or  dune 

Slope  in 
degrees, 
bluff  or 
cliff 

Backshore:  Foreshore:  Photo- 

width  in  ft.;  width  in  ft.;  number 
ma  ter i al s  mn  te  r  i  nls 

llh 

Fh 

FI 

30-58 

mostly 

30-90 

No  beaches  Figure  19 

Rubble  zone  15-35  ft.  vd.de 

115 

B-h 

B-.H-R 

— 

— 

0-18  0-11 1 
med  gr,fn  gr  med  gr 

n6 

Al-1; 

12 

35 

No  beaches,  zone  30  ft. 
vide  of  cs  gr,  cobs,  bldrs 

117 

Fh 

125 

30-90 

Mo  beaches,  zone  30  ft. 
vide  of  cobs,  bldrs 

118 

FI 

15 

50-90 

No  beaches,  zone  15-30  ft. 
tide  of  cs  gr,  cobs,  slabs 

n9 

B-li 

— 

— 

Beach  -one  16-32  ft, 
vide  of  cs  gr,  cobs,  slabs 

120 

Fh 

95 

25-90 

Beach  zono  10-30  ft. 

vide  of  cs  gr,  bldrs,  and  slabs 

*-* 

ro 

UJ 

75*400 

nbovo 

plain 

25 

Rook  bench  30-35  ft,  wide 

122 

B — It 

— 

— 

Beach  zone  2li  ft.  wide 
coarse  gr,  cobs 

123 

Fh 

75-100 

30-90 

Beach  zone  15—30  ft.  vide 

Bldrs,  cs  gr,  slabs 

123A 

Fh-B-h 

High, 

above 

plain 

steeo 
old.  ' 
cliff 

Beach  zone  30  ft,  vide 
cs  gr,  cobs,  bldrs 

12lt 

B-li 

— 

lh-3k  19-3U 

s,  50-985  s,  25-1005 

med.  gr,cs  gr  cs  gr,  cobs,  bldrs 

125 

Fh 

150-175 

60-90 

Beach  zone  27  ft.  vide 
cs  gr,  blocks,  bldrs 

126 

B-li 

16-31  16-2  !i 

6,  25-995  '  0,  25-99/’ 

fn  gr,  cs  gr,  fn  gr,cs  gr 

bldrs  bldrs 

127 

Fh 

35 

35-90 

Bench  zone  20  ft.  vide 
cs  gr,  cobs,  slabs,  bldrs 

36 


rhysio-  Basic  Height  (ft.)  Slope  in 
graphic  coast  bluff,  degrees, 
•unit  ?, one  cliff  bluff  or 
number  elements  or  dune  cliff 


Backshore:  Foreshore:  Photo 

•width  in  ft.;  width  in  ft.;  num’.^er 
materials  materials 


123 

B-h 

— 

12  8A 

Al-h-r 

9 

ho 

129 

FI- 

B-h 

8-15, 

except 

plain 

90 

130 

B-h 

— 

— 

131 

Fh 

Fh-al-h/84 

Ah-h/8-r 

1  75-150 

20-90 

132 

B-h. 

— 

— 

133 

Fl-r 

9 

60-90 

13h 

3-h-r 

— 

— 

135 

rl~r 

10 

55 

136 

B-h 

— 

— 

137 

B-8-r 

B-h-r 

B-h 

B-h/8-r 

133 

B-h-r 

FI 

B-h 

B-h/8-r 

6-27 

where 

cliff 

U5-90 

where 

cliff 

139 

n 

13 

h5° 

Beach 

zone 

25 

ft,  -ide 

cs  gr 

Beach 

zone 

28 

ft.  ’.ide. 

cobs, 

slabs 

bldrs 

Beach 

zone 

15 

-8h  ft.  wide. 

cs  gr , 

,  cobs 

■ ) 

slabs,  bldrs 

Beach 

zone 

20 

-72  ft.  wide. 

S,  993 

>>  ^ 

r*v 

.  Narrow  part 

pro tec 

:ted  t 

>y  ' 

rails  ana  groins 

Rock  bench 

or 

beach  zone  0-;0 

f-’-  vr; 

4  r» 

■  •  ~  • 

Co' 

bs,  bldrs,  blocks 

Beach 

zone 

2h 

-3h  ft.  vide 

cobs, 

bldrs 

'> 

slabs 

Beach 

zone 

29 

ft.  wide 

cobs, 

suabs 

;  > 

bldrs,  rock  bench 

Rock  bench 

h2 

ft.  wide 

cobs, 

slabs 

a 

bldrs 

13o -.eh 

zone 

or 

roc!:  bench  37  ft. 

wide . 

Slab 

iS, 

blc«rs 

Beach 

zone 

21 

ft.  wide 

s,  5o;J 

;  cs 

gr 

Mostly 

■;  Roc 

k  bench  or  beach 

zone  20-35 

ft 

.  wide 

cs  gr, 

cobs 

5  * 

slabs,  bldrs 

Partly 

■  • 

21 

2h 

S,  9 % 

5,  85-995 

fn  g 

r 

cs  gr 

Mostly:  Hock  bench  20-55  Figure  9 
ft.  wide.  cs  gr,  cobs, 
slabs,  blclrs 
Ono  point: 

21  •  1? 

cs  gr  cs  gr,  cobs 

Fill;  riprap  face 
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'diycio-  Basic  Height(ft.)  Slope  in  Backshcrc: 

graphic  coast  bluff,  degrees,  width  in  fti.j 

unit  zone  cliff  bluff  or  materials 

number  elements  or  dune  cliff 


Foreshore:  fhoto 

width  in  ft.  •  Nunber 
materials 


1U0 

FI 

b-1j 

6-12 

90 

Beach  zone  15-25  ft.  ride . 
cs  gr,  slabs,  bldrs 

ll:l 

B4- 

9-13  17-26 

s,  75-965  s,  50-935 

med  gr,  fn  gr  fn  gr,cs  gr 

cobs,  bldrs 

1U2 

Al-R 

8-15 

i;2-55 

Beach  zone  10-20  ft.  ride, 
cs  gr  and  blocks 

lli3 

Fh 

Uo 

70-90 

Beach  zone  10-15  ft.  ride, 
cs  gr,  blocks,  slabs 

liiit 

Fh-B-h 

B-it-r 

5o 

above 

plain 

steep 

Beach  zone  8-18  fta  ride, 
cs  gr,  slabs,  bldrs,  ledge 

U5 

Fl-r 

U-12 

50-90 

Beach  zone  0-26  ft.  ride, 
cs  gr,  cobs,  bldrs,  ledge. 

ll{6 

Al-lt 

8-25 

30-90 

Beach  zone  0-20  ft.  ride, 
cs  gr,  slabs,  bldrs. 

1U7 

Fh-r 

15-125 

70-90 

Rock  bench  10-25  ft.  ride, 
cs  gr,  slabs 

1U8 

B-8-r 

E-Ii-r 

B-7-r 

B-U-r-M 

Beach  zone  6-30  ft.  ride 

Rock  ledge,  cobs,  bldrs, 

Riprap,  one  place. 

Ili9 

Fl-r 

10-15 

90 

Beach  zone  0-35  ft,  ride.  Figure  21 
cs  gr,  bldrs,  slabs.  Figure  22 
Rock  bench  awash. 

150 

B-8-r 

B-ii/8-r 

— 

Beach  zone  2it-35  ft.  ride, 
cs  gr,  cobs,  slabs,  bldrs, 
ledge  roc!:. 

151 

Al-l-H 

10 

35 

Beach  zone  30-35  ft.  ride, 

S,  bldrs,  mud.  Reeds 

152 

B-a 

16-31  17-28 

s,  96-1005  s,  95-1005 

fn  gr  fn  gr 

153 

B-li/8-r 

— 

Beach  zone  5-20  ft.  ride, 
cs  gr,  cobs,  bldrs,  ledge  rock. 
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Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zone 

elements 

Height(ft.) 
Muff, 
cliff 
or  dune 

Slope  in 
degrees, 
bluff  or 
cliff 

Backshore:  Foreshore:  Photo 

width  in  ft.;  width  in  ft.;  number 
materials  materials 

15U 

B-h 

— 

— 

Beach  zone  12-30  ft.  wide. 

S,  cobs,  mud:.  Reeds  in  water , 

155 

B-8— r 
B-ii/8-r 

— 

— 

Beach  zone  10-25  feet, 

S,  cc  gr,  bldrs,  ledge  roch. 

156 

B— U 

3-1'-:  I 

— ~— 

— — — 

Beach  zone  18-27  ft.  wide, 
cs  gr,  S,  muc,  bldrs. 

Reeds  in  water. 

157 

B-ii 

B-U-I.I 

— 

— — 

Beach  zone  0-31  ft.  wide. 

Silt,  S,  cs  gr,  cobs,  blc’rs. 

Reeds  in  rater. 

158 

Al-J( 

7 

16 

No  beach.  Roods  in  water 
to  foot  bluff. 

159 

B-4-i: 

— 

— 

Low  olain  of  gravel,  probably 
over  bedrock,  "'o  beach.  Reed  marsh 

l6o 

FI 

B-U-r 

13 

where 

cliff 

55 

Beach  zone  12-20  ft.  vide, 
cs  gr,  bldrs,  ledge  rock. 

l6l 

Fh 

80-90 

90 

Beach  zone  25  ft,  ride, 
cs  gr,  bldrs,  slabs. 

162 

FI 

10-18 

90 

Beach  zone  23-27  ft.  vide, 
cs  gr,  cobs,  slabs. 

163 

Fh 

25-50 

60-90 

Beach  zone  20-27  ft.  vide, 
cs  gr,  cobs,  3labs. 

16U 

Fh-B-ii 

IiO 

above 

plain 

stoop 

Beach  zone  20  ft,  wide, 
med  gr,  cs  gr. 

165 

Fh 

5o-55 

60-70 

Beach  zone  20-25  ft.  wide, 
cs  gr,  bldrs,  slabs. 

166 

Fl-Al-h 

W 

16 

9-17  11-17 

Fl-B-h 

50 

cs  gr,  cobs  cs  gr,  cobs, 

bldrs  bldrs 

167 

FI 

15 

90 

13  12 

cs  gr,  slabs,  cs  gr,  clbs 

bldrs  bldrs,  slabs 
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Physio¬ 

graphic 

unit 

number 

Basic 

coast 

cone 

elements 

Height(ft.) 
bluff, 
cliff 
or  dune 

Slope  ii 
dogrecs , 
bluff  02 
cliff 

168 

B-U 

75 

38 

Fh-B-U-r 

above 

above 

plain 

plain 

16? 

Fh 

100-125 

35-hO 

170 

FI 

18-20 

U5-60 

171 

B-U 

6-0 

25° 

Al-lt 

above 

above 

plain 

plain 

172 

Al-1 

8 

30 

173 

Ah-l-B-h 

20-30 

25-35 

Ah-l-B— 1 

above 

above 

plain 

plain 

1724 

Ah-1 

ho 

35-25 

175 

B-U 

176 

Al-U 

15 

5o 

177 

Fh 

100 

U0-U5 

178 

Fh-B-8 
Ah-l-B-U 
B— It 

25-120 

above 

plain 

U5 

above 

•plain 

179 

Ah-1 

55 

Uo-U5 

Backshore:  Foreshore:  Photo 

vrld  +,h  in  ft,;  width  in  ft,;  number 
materials  inateriaLs 


13.-16 

lU-21 

med  gr,  cs  gr 

mad  gr,  cs  gr 

bldrs 

bldrs,  ledge  rock 

15 

12 

cs  gr,  med  gr 

cs  gr,mcd  gr 

10 

18 

cs  gr,med  gr 

cs  gr,med  gr 

13-20 

17-23 

S,  o-85£ 

s,  0-955 

fn  gr,med  gr 

fn  gr,med  gr 

cs  gr,  bldrs 

cs  gr,  bldrs 

2h 

16 

S,  ?85 

S,  955 

clbs,  bldrs 

clbs,  bldrs 

6-10  * 

12-15 

S,  cs  gr 

S,  cs  gr 

c3.bs,  bldrs 

muck 

6 

26 

S,  99% 

s,  ?55 

fn  gr 

med  gr,  cs  gr 
cobs 

5-iU 

5-25 

S,  99% 

S,  985 

fn  gr 

fn  gr, bldrs 
riprap  and 
seawalls  at 
places 

11 

19 

S 

S;  few  bldrs 

5-10 

30 

cs  gr, slabs 

cs  gr,cobs,  bldrs 

0-15 

15-30 

S,  10-655 

S,  10-705 

mod  gr,cc  gr 

med  gr,c3  gr 

cobs,  bldrs 

cobs,  bldrs 

5  17 

S  S,  70% 

cs  gr, bldrs 


ho. 

Physio-  Basic  Heigh t( ft,)  Slope  in  Backshore:  Foreshore:  Photo 

graphic  coast  bluff,  degrees,  width  in  ft,;  width  in  ft.,;  number 

unit  zone  cliff  bluff  or  materials  materials 

number  elements  or  dune  cliff 


180 

B-il 

15-18 

S,  985 
fn  gr 

20-30 
s,  75-955 

cs  gr  ■ 

181 

Al-li-li 

18 

10-15 

No  beach.  R 
muck. 

eed  marsh; 

182 

B-li-M 

B-7-E-M 

— - 

— * ~ 

6-12 

S,  995 
fn  gr 

13-20 

S,  995 
fn  gr 

103 

F-l-r 

D-h-r 

1 

mmm 

0-12 

00  gr 

5-22 

n,  25-P55 
fn  m 

cobo,  bldrn 

18a 

B-h 

Al-h-B-lt 

15 

above 

plain 

25 

above 

plain 

o-5 

s 

ll-Uo 
s,  30-985 

cs  gr,bldrs 

185 

B4i-M 

B-U-M-R 

— 

— 

No  beaches .  Reed  marsh 
in  water .  Riprip  one  place. 

186 

Artificial  fill. 

sea  walls. 

and  riprap. 

187 

B-U-M 

— — 

— 

No  beaches.  I 
Muck  bottom, 
clay  dredged 

.ieea  marsh  in  water. 
Silt  and 
up. 

188 

B-8-H 

B-8-r-M 

— 

— 

0-12 

s,  25-905 

0-75 

s,  65-905 

mod  gr,  mud  mud,  cs  gr 
Reed  marsh  in  water. 


189 

B-lj-M 

11  ft. 

35  at 

Sand  beach  0-20  ft.  wide. 

B-Lwf-E 

bluff  at 

only 

Reed  march  offshore.  Sand 

B— 7— 

Al— h— i  i 

one  point 

bluff 

bar  10-20  ft.  wide  at  places. 

190 

Al-l-M 
Ai— }{— R 

8-12 

35 

0-6  8-20 

S  S 

Riprap  at  one 
place. 

191 

B  4: 

B4[-M 

B-h-E 

none ,  0-20 

S 

Reed  marsh  offshore 
sand  bar 

8-15  ft.  wide 

Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zone 

elements 

Height (ft.)  Slope  in 
bluff,  degrees, 
cliff  bluff  or 
or  dune  cliff 

2C3 

B-k 

— 

— 

20)i 

Al-k 

10 

35 

205 

B-k 

— 

— 

206 

B-k-r 

— 

— 

207 

B-k 

B-k-E 

— 

— - 

Ssllsp 

=r=r 

rss 

2Q9 

B-k 

— 

— 

210 

Al-k 

10 

kO 

211 

B-k 

— 

— 

212 

B-kA-r 

— 

— 

213 

B-k 

B-kA 

— 

— 

Al-k 


Backshore: 
Yridth  in  ft.j 
materials 

Foreshore: 
width  in  ft.j 
materials 

Photo 

number 

0-16 

20—1*0 

S 

3,  99 % 
fn  gr, bldrs 

none 

27 

cs  gr,med.  gr 
biers,  slabs 

8-16 

20-k2 

s,  98-1005? 

S,  70-995$ 

fn  gr 

fn  gr, cobs, bldrs 

Beach  zone  50-75  ft.  vri.de. 
cs  gr,  slabs,  cobs, 
ledge  rock. 

10-12  164;0 

S  S,  98-1005? 

bldrs 

Bar  20-30  ft.  vri.de 
one  place 

f50H@  I: l@=?g 
gr  p  1  el-fifes 

10-35  17-kO  Figure  6 

S,  9U-995  S,  92-975? 

med  gr,fn  gr  fn  gr,med  gr 

bldrs 

Zone  71  ft.  vri.de  of  cs  gr, 
cobs,  slabs,  bldrs 

2h-b2  19-37 

S,  70-995?  3,  70-995$ 

med  gr  cs  gr, fn  gr 

bldrs 

Zone  3.00-200  ft.  vri.de 
cs  gr,  s, slabs, bldrs, ledge 

17-21  5k 

s,  92-995$  s,  ::o-995$ 

mod  gr  cs  gr,  mud 

Beach  zone  11  ft.  '-ride, 

c  s  gr ,  co  bs , bl dr  s , ;  mud 


2Ut 


13 


30-k5 


k3. 


Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zone 

elements 

Height (ft 
bluff, 
cliff 
or  dune 

«)  Slope  in 
degrees, 
bluff  or 
cliff 

Bsckshore :  Foreshore : 

v.ldth  in  ft.  3  width  in  ft.j 
materials  materials 

215 

B-h 

B-l 

B-U-r4i 

B-h/8 

— 

— 

Beach  zone  90-175  ft.  wide, 
cs  gr, cobs ,bldrs, till, ledge. 

216 

B-li/8-r 

— 

— — — 

Beach  zone  100-160  ft.  wide. 
S,  25/o.  cs  gr,  slabs, 
bldrs,  ledge  rock. 

217 

B-U 

— 

— 

25-ao  26-50 

s,  75-100^  s,  50-100^ 

fn  gr,med  gr  fn  gr,cs  gr 

218 

B-k-B-7-M 

B-U-M 

Wet  zone  50-300  ft.  •.vide. 
Mud,  sand,  reeds  in  muck: 
no  true  beaches. 

219 

B-a 

B-a-c 

— 

— 

23-aa  17-21 

S  5 

220'- 

B-a/8-r 

— 

— 

Beach  zone  66  ft.  v.ide, 
cs  gr,  ledge  rock, 

m 

s-aA 

mmm 

Be««h  none  i*J>  ft.  wide* 
cs  gr,  ledge  reek, 

222 

E-C 

— 

— 

H-23  10-71 

S  S 

223 

E-I'I 

— 

— 

No  beaches.  Reed  marsh 
offshore . 

22ii 

B-a-Ji 

— 

— 

No  beaches.  Reed  in 
offshore. 

225 

n-a-H 

18 

30 

No  beaches.  Reeds  in  off¬ 
shore,  Bar  300  yd,  offshore. 

226 

s-a 

— 

— 

Low  sand  plain 

227 

E-R 

— — 

Bar  and  fill,  Much  of  shore 
held  by  riprap. 

Long  stone  jetties. 

228 

R 

— 

— 

Low  candy  plain  and  fill 
held  by  walls  and  riprap. 

22? 

B-a-;: 

— 

— 

16  25 

S  ,  wood  S 


Photo 

number 


t 

I 

l 

k 

hh. 

I 

1 

Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zone 

elements 

Hej.ght(ft.)  Slope  in 
bluff,  degrees, 
cliff  bluff  or 
or  dune  cliff 

Backshore:  Foreshore:  Photo 

vddth  in  ft.;  width  in  ft,;  number 
materials  materials 

230 

Alv-h-M 

30-35 

hO 

No  beaches,  w'et  zone  10-hO 
ft,  vdde,  liud,  gr,  reeds. 

231 

B-h 

— 

— 

Beach  zone  0-30  ft,  wide. 

S,  %,  Gr,  wood  debris 

232 

Al4!.-B-h-:.I 

8 

above 

plain 

30 

above 

plain 

No  beaches.  Reeds  in 
water  offshore. 

233 

Al-h-K 

Ah-R-M 

10-22 

30-50 

No  beaches.  Damp  zone  5-hO 
ft.  wide,  iiud,  gr.  Reed 
marsh  in  water.  Road  fill 

90  ft.  wide,  one  point. 

23U 

Ah-b-r-M 

90-100 

ho 

Damp  beach  zone  30-75  ft. 
vdde.  Gr,  slabs,  ledge, 
mud.  Reeds  offshore. 

235 

Ah-h 

25 

h5 

Beach  zone  0-13  ft.  vdde.  Figure  2h 

S,  fn  gr.  Riprap  along 
part  of  shore 

236 

B4- 

B-J.i-Ii 

Al-h-B-h 

10 

above 

plain 

25 

above 

plain 

0-39  0-18 

s,  95-100?;  s,  99?; 

fn  gr,cs  gr  fn  gr 

237 

B-h-M 

B-l/8-H 

Al-h-B-h-ti 

12 

above 

plain 

30 

above 

plain 

Beach  zone  0-12  ft.  vdde. 
c-s  gr,  Reed  march  in  water. 

238 

B-h/8 

— 

— 

No  beaches.  Damp  sandy  zone 
at  water  a  few  ft,  vdde. 

23? 

»4i-M 
Al-h-0-h-! ! 
Al-li— M 

124)5 

above 

plain 

30-35 

above 

plain 

P»/u»b  tie  no  of  (3,  0-20  .ft# 
vdde.  Reed  rntrsh  of  Moira# 

2!t0 

Ah-H 

Ah-b-M 

25-30 

35— Uo 

Beach  zone  of  S,  10-12  ft, 
vdde,  Reed  marsh  offshore. 

2  hi 

B-h-M 

— 

— 

Beach  zone  of  S,  10-25  ft, 
vdde,  Reed  marsh  offshore. 

2hlA 

Al-h-Al-h-M  12 

r 

ho 

ho 

8  6 

S  S 

2h2 

B-h4I 

No  beach,  Reed,  marsh 
offshore. 

* 

1  ' 

'  •  .V  ~ 

. 3 . v . 

b5 


Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zone 

element 

Height (ft.)  Slope  in 
bluff,  degrees, 
cliff  bluff  or 
or  dune  cliff 

Backshore:  Foreshore:  Photo 

width  in  ft.;  width  in  ft.;  number 
materials  materials 

2U3 

B— U 

— 

— 

Beach  zone  55  ft.  vide. 

S,  98/0.  Fn  gr 

2bb 

Al-b-Al-b  12 

10 

$ 

16  9 

cs  gr  S,  b0$.  os  gr 

2h$ 

B-Ii 

— 

- — 

25  3b 

s,  705  s,  25-90$ 

cs  gr,bldrs  cs  gr, bldrs 

2U6 

FI 

15 

90 

Zone  21  ft.  wide  of  slabs 
and  cs  gr. 

2b7 

Fh 

Fh-r 

28-50 

60-90 

10-12  10-12 

cs  gr,bldrs  S,  30$ 

2U8 

B-b/8 

B-b/8-r 

B-b-r 

•— 

20-35  75-150 

cs  gr, slabs  cs  gr,  slabs 

ledge  roclf 

2b9 

Fh-3-b 

30-35 

above 

plain 

90 

above 

plain 

Zone  30-35  ft.  vide  of  Figure  20 

cs  gr  and  slabe 

2^0 

Fh-r 

30 

90 

Zone  10-15  ft.  vide 
of  cs  gr  and  slabs 

251 

Al-b-r 

Fl-r 

b-10 

10-90 

Zone  60-300  ft.  vide 
cs  gr,  slabs,  ledge  rock. 

252 

B-b-r 

B-b/8-r 

— 

— 

Zone  90-250  yd.  vide, 
cs  gr,  slabs,  ledge  rock. 

253 

B-b 

— 

— — 

28  b8 

S  S,  99$ 

bldrs 

25b 

B-b/8-r 

8-10 

30 

23  65 

B-b-C-r 

above 

plain 

above 

plain 

S,  fn  gr  s,  mud,  gr,  slabs 

One  place:  rock  bench  250- 
bOO  ft.  vide. 

255 

B-b 

— 

— 

Beach  zone  75-200  ft.  vide. 

Hud,  S,  gr,  bldrs. 

256 

B-7-M 

— 

— 

Beach  zone  75  it.  vide 

Hud,  S,  gr. 

Reed  marsh  offshore. 


1*6. 


Physio¬ 

graphic 

unit 

number 

257 

Basic 

const 

zone 

&  1  nnnntiS 

Height(ft.)  Slope  in 
bluff,  degrees, 
cliff  bluff  or 
or  dune  cliff 

Backshore : 
width  in  ft 
materials 

Foreshore:  Photo 

, .  width,  in  ft. ;  number 
materials 

UXvlUVi  i  wu 

B-Ii-r 

B-h/O-r 

— 

• — 

Beach  zone 
Hud,  co  gr, 

100-250  ft.  ride, 
slabs,  ledge. 

258 

B-b-C 

Dunes  b 
ft.  high 

— 

bo 

S 

22 

S 

259 

B-b 

— 

- — 

bo 

G,  fn  gr 

70-80 

ledge  rock, 
angular  gr 

260 

B-b-C 

dunes  10 
ft.  high 

— 

30 

S 

17 

S 

261 

B-b-r-t.I 

B-I/6-r-u 

B-b/8-r-H 

— 

Zone  30-200  ft.  wide. 

Roc':  bench,  stream  with 
mud,  angular  gr,  slabs. 

262 

B-b-it  15 

B-7-H  above  plain 

Al— h— B— b— C—i  i 

30 

above 

plain 

Mostly:  no  beaches.  Wet  zone 
of  much,  S,  gr  up  to  150  yd. 
wide,  Reed  marsh  offshore. 

Bldrs. 

263 

B-b 

— 

— 

53- 

s,  1% 

fn  gr 

b6 

S,  8o£ 

me a  gr,cs  gr 

26b 

B-l-M 

B-h-C-I-i 

Dunes  b 

— 

Beach  zone  100-275  yd.  wide . 

Sand,  a  few  pebbles,  mud. 

Reed  marsh  offshore. 

265 

B-6-C 

Dunes 

8 

— 

18 

S 

60 

S,  90% 

sawdust,  wood 

266 

R 

Dor;  s  earr rail 

o  hold  artificial  fill.  Lcr.r  plain. 

267 

B-b 

B-bC 

Dunes 

b 

— 

30-37 

S 

39~b5 

S 

268 

B-b-r 
B-b-C -H 

Dunes 

3 

Damp  zone  75-180  ft.  wide . 

S,  gr.  Slabs,  rock  lodge 
at  one  point.  Reeds 
offshore. 

Physio¬ 

graphic 

unit 

number 

■  Basic 
coast 

zone 

elements 

Height (ft.)  Slope  in 
bluff,  degrees, 
cliff  bluff  or 
or  dune  cliff 

Backshore :  Foreshore :  Photo 

•width  in  ft,;  width  in  ft,;  number 
materials  materials 

269 

B-ii-r 
B-li/8-r-M 
3— 8-r-H 

35-5a  57-100 

S,  90-992  S,  cs  gr,  slabs 

mod  gr  ledge  rock 

Elsewhere:  zone  30-88  ft,  vri.de 
of  gr,  slabs,  ledge, 

Reed  marsh  offshore 

270 

B-k-M 

3-14! 

— 

— — 

No  benches,  'Jet  zone  90-125 
ft,  vdde  of  3,  muck. 

Reed  marsh  offshore. 

271 

B-a-c 

Dunes  a 

— 

36  a5 

S  S 

C \c 

3-5-H 

Dl-B-a-H 

Fh-B-7-H 

Al-B-7-Ii 

Dunes  20 
Old  bluff 
10 

Cliff  100 

Cliff  35 

Tfet  beach  zone  0-200  ft,  wide, 
liuck,  S,  gr,  bldrs,  till, 

Reed  marsh  offshore. 

273 

Ah-li-M 

20-25 

35 

Zone  20  ft,  vri.de  of  cs  gr, 

Reed  marsh  offshore. 

27a 

Fh-B-a/8-r 

Cliff  50  Cliff  65-90 
Bluff  15  Bluff  25 

Beach  zone  50-57  ft,  wide, 
cs  gr,  slabs,  rock  bench. 

275 

Ah-C 

35 

17 

33  23 

S,  932  S,  25-992 

cs  gr  cs  gr 

27  6 

B-8-r 

— — 

*— — • 

Beach  zone  36  ft,  vide, 

s,  10-952 

cs  gr,  slabs,  rock  ledge. 

277 

Fh 

75-100 

steep 

278 

Fl-Fl-B-8-1 

*  80-100 

above 

plain 

10-15 

above 

plain 

Beach  zone  32  ft,  vide, 
cs  gr,  slabs,  bldrs 

Little  3. 

279 

B-l/B-r 

— 

— 

Beach  zone  50-55  ft,  vide, 
cs  gr,  slabs, bldrs,  lodge. 

280 

B-8-M 

B-a/84i 

— 

— 

No  beach.  Reed  marsh 
offshore. 

281 

B-8-r 

— 

_ - 

Beach  zone  25  ft,  vide. 

cs  gr,  slabs,  rock  ledge. 


282  B-lt-M 


No  beaches,  Viet  zone  25  ft 
wide,  Reed  marsh. 


Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zona 

elements 

Height (ft.) 
bluff, 
cliff 
or  dune 

Slope  in 
degrees, 
bluff  or 
cliff 

Backshore:  Foreshore:  Photo 

width  in  ft.;  width  in  ft.;  number 
materials  materials 

283 

Fh-B-8-r 

30 

above 

plain 

65-90 

above 

plain 

Zone  17  ft.  Td.de, 
cs  gr,  rock  bench. 

28lt 

Fh-r 

65 

U5-90 

Zone  lU  ft.  vri.de.  Cs  gr. 

Rock  bench  below. 

285 

B-C 

3-0-r 

B-8-r-M 

r'  ■™  ■ 

Zone  30-250  ft.  wide. 

S,  10-1005$.  Cs  gr,  slabs, 
rock  bench.  Reed  marsh  at 
one  place. 

286 

Fh-r-Jl 

80 

20-90 

Zone  10  ft.  wide. 

cobs,  cs  gr.  Ledge  inferred. 

287 

Fh-Fl-r 

70-80 

10 

15-20 

“TT 

Zone  36  ft.  vri.de.  Rock 
bench;  cs  gr,  slabs. 

288 

Ah-l-E-lt-r 

25 

above 

plain 

30 

above 

•plain 

Zone  25  ft.  wide.  Rock 
bench  with  slabs,  cs  gr. 

289 

Fh-r 

Fh-Fh-r 

25-60 

total 

20-90 

Zone  15-25  ft.  wide. 

Rubble,  slabs,  blocks. 

Rock  ledge. 

290 

Dlb-C 

Dunes  10 
Bluff  15 

Bluff  30 

f  (r 

•  ✓  * 

lii-  10-25 

s,  99%  S,  5o-6o5 

fn  gr  cs  gr,  cobs 

291 

B-U 

— —  — 

— — — 

22  h0-200 

S,  99%  S,  60-9955 

fn  gr  fn  gr,cs  gr,cobs 

292 

Fh-r- 

200 

3l-l>  0 

Zone  28  ft.  wide, 
cs  gr,  cobs,  rock  lodge. 

293 

Fh-B-lt 

205 

above 

plain 

90 

Beach  zone  25  ft,  vride, 
cs  gr. 

2  9h 

Fh 

200 

U5-90 

Zone  of  bldrc,  blocks  and 
slabs,  15  ft.  vide. 

295 

B-U 

Al-li-C/D-k  15 

above 

plain 

modoroto 

above 

plain 

20  2k 

S  S,  955 

cs  gr 

*v 


li9. 


Physio¬ 

graphic 

unit 

number 

Basic 

const 

zone 

olonents 

Height(ft. 
bl uff, 
cliff 
or  duno 

)  Slope  in 
degrees, 
bluff 
or  cliff 

Backshore:  Foreshore:  Photo 

width  in  ft.  ;  width  in  ft,;  number 
materials  materials 

296 

297 

B-liA 

B-8-r 

— 

— 

Beach  zone  60  ft.  wide, 
cs  gr,  some  mud. 

B-l-.-r 

Beach  zone  95-195  ft.  vride. 
cs  gr,  slabs,  ledge  roc’:. 

Some  mud  or  silt. 

298 

Dl-Cb 

20 

6 

3h  3h 

s,  93%  S,  9% 

fn  gr  fn  gr 

299 

B-lt-C 

5-15 

dunes 

— 

18  31 

S  S 

3C0 

B-8-r 

— 

Zone  63  ft.  ride, 
cs  gr  on  rock  lodge . 

301 

Dl-C-r 

Dl-C 

10-25, 

dunes 

— — — 

3U-U5  50-192 

S,  97-995  S,  755;  gr, 

fn  gr  Rock  bench 

302 

B-U/8-r 

— 

— 

Low  damp  gravelly  shore. 

Ledge  rock  below. 

303 

y 

B-7-H 

— 

— 

Viet  marshy  shore. 

Mo  beach. 

30U 

B-k-r 

— 

— 

Zone  160-200  ft.  vride, 

cs  gr,  slabs,  over  rock  bench. 

305 

B-U-Cb-r 

Dunes 

8-15 
nip  10 

35,  nip 

25  15-35  Figure  11 

s  s,  505 

cs  gr, ledge  rock 

306 

B-8-^r 

— 

— 

Beach  narrow;  cs  gr 
and  ledge  rock. 

307 

B-Ii-C-r-M 

Dunes  6 

Beach  zone  100-125  ft.  vri.de. 

Wet;  cs  gr,  S,  rock  ledge 
below. 

303 

B-8-r-II 

Beach  narrow;  cs  gr  and 
lodge  rock, 

Rond  marsh  offshoro 

309 

B-3-r 

it 

— 

Beach  narrow;  cs  gr, 
bldrs,  ledge  rock. 

5o 


■‘hynio-  Basic 
graphic  coast 
unit  zone 

number  elements 

Haight (ft,)  Slope  in 
bluff,  degrees, 

cliff  bluff 

or  dune  or  cli::i‘ 

310 

B-O-r-ti 

— 

— 

311 

B-h-r 

B— U 

— - 

- — 

312 

Ah-h 

Ah-3/li/l 

U5-90 

15— 

313 

Ah-h-B-h 

B-h-C-r 

75-80 

bluff 

35-hO 

bluff 

3lit 

B-8-r 

— 

— 

315 

Ah-h»B-W 

Al=lt=? 

15-25 

370 

316 

Ah-h-r 

20 

ho 

317 

B-h-r 

B-hA 

B-i<-Cb 

Dl/B-h/C-r 

Dunes, 

5-20 

— 

318 

Ah-U-B-U-C  Bluff  25 
Dunes  6 

Bluff  25 

319 

B-h-r 

— 

— 

320 

B-li-C 

m -T _ u 

Backshore:  Foreshoro:  Photo 

width  in  ft.;  vridth  in  ft.;  number 
materials  materials 


Beach  zone  narrow;  cs  gr, 
bldrs,  ledgo  rock, 

Reed  marsh  offshore. 

Zone  67-lUO  ft,  v/ide. 
us  gr,  slabs,  ledge  rock. 


One  place: 

39 

28 

n 

O 

S 

19-27 

27-30 

S 

S 

Zone  h7-80 

ft.  vri.de. 

cs  gr,  slabs,  bldrs,  ledge. 

One  place: 

10 

16 

S 

S 

Beach  zone 

narrovr; 

cs  gr,  bldrs,  ledge  roclc. 

Boe.oh  aone 

20-50  ft,  v/ido. 

tin  tF}  ftobi 

j  31 r!hbj  1-e ittytis 

One' 'dU:6§i 

ho 

Jo 

s 

s 

Beach  zone 

h8  ft.  vri.de. 

S,  50',j,  cs 

gr,  cobs. 

22-135 

21-75 

S,  92-1005 

S,  90-1005 

med  gr 

med  gr,  cs  gj 

slabs,  ledge 

21 

lit 

S 

S 

Beach  zone 

narrovr. 

s,  50-90"'. 

cs  gr. 

Rock  reef  in  water. 

20-33 

20-29 

S,  995 

S 

fn  gr 

ft 


Physio-  Basic 
graphic  coast 
unit  zone 
number  elements 


Height(ft,)  Slope  in 
bluff,  degrees, 

cliff  bluff 

or  dune  or  cliff 


Backshore:  Foreshore:  Photo 

width  in  ft.;  width  in  ft,;  number 
materials  materials 


321 

B-h-r 

Beach  zone 

3h0  ft,  vri.de . 

S,  50p  05  £ 
Rock  ledge. 

-y.- 

322 

B-U 

— , 

20-50 

36-h3 

B-h-C 

S 

S 

323 

B-h-r 

_ 

_  mmm 

Zone  07  ft. 

wide,  Inner  l/h 

cs  gr,  Outer  3/h  rock  bench. 

32U 

B-h 

, _ „ 

, — -- 

33 

35 

s,  855 

r> 

7:0  od 

wood  debris 

325 

Dl-C 

Dune  3 

* 

15-20 

— — — 

26-hh 

h7-5o 

S,  955 

s,  985 

wood 

vrood 

326 

B-8-r 

Rock  bench 

20-60  ft.  wide. 

cs  gr  storm 

.  beach. 

007 

J  hi  1 

B-h 

Dunos  8 

rT ,, r m 

3h-h05 

19-66 

B-h-C 

S,  85-955 

0;  25-955 

Dl-B-h 

Sawdust 
wood,  fn  gr 

sawdust 

328 

B-O-r 

— 

Rock  bench 

90-200  ft.  wide 

B-h/8-*r 

cs  gr,  bldrs,  slabs 

329 

Dl-C 

Dunes 

•MM 

52-123 

16-39  Figure  ! 

Dl-r 

5-20 

S,  20-1005 

S,  sawdust  wood 

sawdust 

Ledge  in  water. 

330 

B-h-C-r 

Dunes 

.Beach  zone 

20-375  ft.  wide. 

B-h/8-r 

B-h-Cb 

h-20 

Sand,  logs, 
Also : 

slabs,  ledge. 

22-90 

26-6h 

S,  80-1005 

s,  85-1005 

cs  gr,  logs 

cs  gr,  cobs 
bldrs,  sawdust 
slabs,  ledge  rock 

331 

Dl-Cb 

Dunes 

Kip  35 

105 

hO 

6-10 

s 

S 

nip  6 

332 

Fl-r 

5* 

90° 

Narrow  rocky  boach  zone. 

Physio- 

graphic 

unit 

number 

i  Basic 
coast 
zone 

elements 

Height (it.)  Slope  in 
bluff,  degrees, 

cliff  bluff 

or  dune  or  cliff 

Backshore :  Foreshore:  Photo 

width  in  ft. •  width  in  ft.;  number 
materials  materials 

333 

B-h-Cb 

B-h-C-r 

Dunes 

8-28 

nip  10-12 

Nip  35 

35-75  20-51 

S,  995  s,  95-1005 

fn  gr  med  gr 

33h 

Dl-Cb 

Dh-Cb 

Dl/D-h-Cb 

Dunes 

6-55 

Bluff 

5-10 

Bluff 

30— lj.0 

39-55  U8-?U  Figure  12 

S,  99-1005  S,  99-1005 

fn  gr  fn  gr 

335 

B-8-r 

B-lt/8-r 

Fl-r 

Beach  zone  0-200  ft.  wide. 

Rock  bench  with  S,  cs  gr, 
slabs,  bldrs.  Bench  awash 
if  no  beach 

336 

B-l'-C 

Dunes 

7 

— 

ii8  31 

S  S 

337 

B-8-r 

Al-8 

Bluff 

6-8 

Bluff 

?o 

No  beach.  Zone  0-60  ft*  wide 
of  slabs,  blclrs,  cs  gr,  ledge 
rock. 

338 

B~li/8-r 

B-lt/8-Cb 

B-h-Cb-r 

Dunos 

8-25 

nio 

5-i2 

Nip 

35-hO 

Rock  bench  30-195  ft.  vri.de, 
with  bldrs,  cs  gr,  sand  at 
places . 

33? 

R 

— 

— 

Artificial  fill  behind  seawall# 

3U0 

B-U-C 

B-h-C-R 

Partly:  Fill  of  pumped  sand 

250  yd.  -.Tide, 

Elsewhere : 
ijO-U5  70 

S  S 

3lxl 

B-li-r 

— 

— 

Zone  Ii0-200  ft.  wide  of  cs 
gr,  cobs,  bldrs,  over 
ledge  rock. 

3U2 

B-lt-E 

— 

— 

cs  gr  beach  ridge  outside 
wot  marsh. 

3^3 

B-h-r 

— 

— 

Narrow  beach  zone  of  rock 
and  cs  gr. 

3Uh 

B-li-C 

Lor;  dunos 

— 

Narrow  beach  of  sand. 

3  !& 

B— It 

— 

•MM 

Mar row  boach  of  sand. 

3i(6 

B-h-r 

— 

MMM 

Narrow  beach  zone  of 

rock  and  cs  gr. 


53. 


Physio¬ 

graphic 

unit 

number 

3b7 

3U8 

3 Ufa 
3  h9 

350 

351 

352 
351l 

355 

356 


Basic  Heigh t( ft.) 

coast  bluff, 

zono  cliff 

elements  or  dune 


Slope  in  Backshoro : 
degrees,  width  in  ft.; 
bluff  materials 
or  cliff  _ 


Foreshore :  Photo 

•width  in  ft.;  number 
materials 


B-inr 

Dunes 

— 

Beach  zone  Ij0-200  ft,  wide: 

B-ii-C-r 

5-12 

bldrs,  slabs, 
One  place: 

rock  bench. 

10 

80 

S,  bldrs 

S,  bldrs, 
ledgo  rock 

B— 1: 

Dunes 

r  m .. 

7-12 

27-31 

B-li-C 

5-25 

s,  96-1002 

s,  96-1002 

D1 

bldrs 

cobs,  bldrc 

One  Place:  zone  30-12$  ft. 

wide  of  cs  gr, 

cobs,  bldrs 

Dl-C 

Dunes 

T— mwm 

20 

35 

5-35 

S 

S 

B4i 

Dunes 

- ,  , 

Zone  h0-60  ft. 

x.lde  of 

B-U-r 

ii-25 

cs  gr,  cobs,  slabs,  bldrs. 

Dl-C 

Ledge  inferred 
Elsewhere : 

• 

10-1$ 

35-65 

s,  30-1002 

S,  10-1002 

fn  gr,  bldrs 

mud,  dbs,  bldrs 

B4i 

— 

— 

12 

S,  982 

25-8? 

S,  882 

fn  gr 

fn  gr 

B-iw 

— — 

— 

Narrow  boach  zone  of 
cs  gr  and  lodge  rock. 

B— h 

— 

— 

Narrow  sand  beech. 

B-h-E 

Narrow  sand  beach  behind  sand 

bar. 


B-li 
B-h~C 
B— 14— E 


B-h-r 


0-2$  20-85 

S  S,  92-100% 

bldrs 

At  some  places:  zone  50-60  ft. 
wide:  S,  252;  cs  gr,  cobs..,  bldrs. 

Narrow  beach  zono  of  gr  and 
lodge  rook. 


Physio¬ 

graphic 

unit 

mmber 

Basic 

coast 

zone 

elements 

Hoight(ft,)  Slope  in 
bluff,  degrees, 

cliff  bluff 

or  duno  or  cliff 

Bcackshore:  Foreshore:  Photo 

width  in  ft*j  v/idth  in  ft.;  number 
materials  materials 

357 

B-U 

B-h-C 

nn 

Generally  zone  25-90  ft.  wido. 

S,  10-90$;  cs  gr,  cobs,  bldrs. 

One  place: 

15  bo 

S  S 

358 

B-h/8-r 

- - 

— 

Zone  30-60  ft.  wide.  Bldrs, 
slabs,  ledge  rock. 

359 

B-ii-G 

Dimes 

6-18 

— 

17-20  2? 

S  S 

360 

B-h-C-r 
B-8-C-r 
B— It/O-r 

Dunes 

8-15 

10  12 4;0 

S  S, 

cs  gr,  cobs 

One  place:  zone  20-30  ft, 
wide  of  slabs,  cobs,  and 
bldrs,  Lodge  inferred. 

361 

B-h 

B— b-O 

Dunes 

9-15 

— 

0-32  bl-85 

8  0 

362 

B4i/8^ 

— 

— 

Zone  of  cobs,  slabs,  bldrs 

over  ledge  rod:,  20-30  ft.  wide. 

363 

B-b-C 

— 

— 

15-22  b0~b6 

S  S,  bldrs 

3 6U 

B-b/8-r 

— 

— 

Zone  20-60  ft,  wide  of  cobs, 
slabs,  bldrs,  ledge  rock. 

365 

B-b 

— 

— 

15  76 

S  S,  bldrs 

366 

B-h/8-r 

— 

— 

Zone  30-h0  ft.  wide  of  cobs, 
slabs,  bldrs,  ledge 

367 

B— h— C 

Dunes 

15-25 

— 

20  37 

S  S 

368 

B-b/8-r 

— 

— 

Zone  i|0-50  ft.  wido  of  cobs, 
slabs,  bldrs,  lodgo  rock. 

53. 


Physio¬ 

Basic 

Hoight(ft,)  Slope  in 

Baokshoro: 

Foreshore : 

graphic 

coast 

bluff, 

degrees, 

width  in  ft,; 

width  in  ft,; 

unit 

zone 

cliff 

bluff 

materials 

materials 

number 

elements 

or  dune 

or  cliff 

369 

B4*-C 

Dunes 

13 

1:0 

15-23 

S 

S 

370 

B4i/8-r 

-r—  - 

1 — r  — 

Zone  20-1*0  ft. 

wide  of 

cs  gr  over  rock  ledge. 

371 

B4*~C 

— 

— 

10 

S 

27 

S 

372 

B-U/8-r 

,  , 

Zone  30-30  ft. 

wide  of  cobs, 

slabs,  bldrs. 

Ledge 

inferred. 

373 

B-ii-C 

1 - 

10 

30 

S 

S 

Photo 

number 


37b  B-Q-r 


Zono  i;0-60  ft,  wido  of 
cobs,  slabs,  bldrs. 
Ledge  rock  inferred. 


375'  B-14B-M 


23-35 

s 


90 

s 

Reed  marsh 
behind  bar 


376 


377 


378 


B-Ii-r  Bluff 

B4i  130 

B-U-J!  above 

6-fl-r  plain 

Ah4:-34* 


Ah— li-JB— li  Bluff 
60-163 


Ah~?A  80-175 

AiW*A 

Alxr 


Bluff 

30 


Bluff 

35-15 

364*3 


Mostly*  zone  15-100  ft,  vtide 
of  S,  muck,  roods,  cobs, 
bldrs,  ledge  rock. 

At  I  gla§§8  1  R§n§  §f  wet  8 
and  music  0-100  ft,  vdd§* 
Reeds. 

At  2  places* 

10-17  174*0 

S,  bldrs  S,  csgr, slabs 

ledge  rock 


Mostly: 

5-33  27-36 

S  S,  few  bldrs 

One  place:  zone  15— Uo  ft0 
wide  of  cobs  and  bldrs. 


8-20  25-60 

S,  99-100#  S,  60-100# 

cs  gr, bldrs  cobs,  bldrs 
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Physio¬ 

•  Basic 

Height (ft.)  Slopo  in 

Backshore  : 

Foreshore:  Photo 

graphic 

const 

bluff, 

degrees, 

v/idth  in  ft.; 

width  in  ft,:  number 

unit 

zone 

cliff 

bluff 

materials 

materials 

number 

elements 

or  duno 

or  cliff 

379 

Dl/Al-l-B-h 

.  Bluff 

Bluff  25 

15 

30 

11 

s 

S,  few  bldrs 

380 

Dh-C 

Dunes 

30-35 

8-1(5 

22-50 

Dlb 

15-70 

S,  983, bldrs 

S,  70-1003 

Dhb 

Bluff 

fn  gr,  cobs 

Dh-Cb 

35 

In  places,  single  zone  of  S, 

10-35  ft.  wide 

• 

381 

B-h-a* 

Dunes 

_ „ 

5-35 

15-50 

Dl-r 

20-25 

S,  10-10054 

s,  10-953 

cs  gr,med  gr 

cs  gr,  slabs, 

bldrs,  ledge 

382 

B-h-C 

nr-, - ■ 

20-25 

70 

S 

S 

383 

B4i 

Cliff  60 

Cliff  75 

0-52 

10-65 

B-h-r 

Bluff 

Bluff 

S,  0-100.3 

s,  o-ioo3 

Al-h-B-h-r 

ic-30 

35-25 

cs  gr 

fn  gr,cs  gr 

B-8~r 

bldrs,  ledge 

Fh-Al-h-B-h-r 

One  place:  hO— 70  ft.  zone  of 

cs  gr, slabs,  ledge  rock. 

38U 

B-h 

•m—mm 

-  nr- 

hO 

h5 

S,  993 

S,  993 

fn  gr 

fn  gr 

385 

B-h-r 

Cliff  or 

Cliff  or 

0-22 

0-75 

B-8-r 

bluff 

bluff 

s,  io-853 

S,  10-ho3 

Fh-Al-h-B-h  18-25 

30-60 

med  gr,cs  gr 

cs  gr, slabs 

Fl-B-h 

bldrs,  lodge 

B*fO 

errs? 

SETT? 

Q»|9 

l-h4|Q 

S,  IQ-1663 

S,  20-9# 

B-C-r 

cs  gr 

med  gr,cs  gr. 

cobs,  ledge 

387 

Al— h 

10-15 

30 

Bench  of  S  nnd 

gr 

388 

B— It— C 

Dunes 

0-23 

3h-3Q 

5-15 

S 

S 

389 

B-h-r 

nr.,.. 

30 

hO 

S,  203 

0  153 

cs  gr,  bldrs 

cs  gr, bldrs 

ledge 
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Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zone 

elements 

Height(ft.)  Slope  in 
bluff,  degrees, 

cliff  bluff 

or  dune  or  cliff 

Baskehoro : 
■width  in  ft 
materials 

Foreshore : 
width  in  ft.; 
materials 

390 

B-7-M 

— 

— 

Narrow  wet  sandy  bench 
zone.  Reed  marsh  offshore 

391 

B-3-C-r 

Dunes 

8-10 

— 

Beach  zone  of  sand. 

Rock  ledge  mainly  awash. 

392 

B-ii-Cb 

Dunes 

8 

— 

0 

38 

s 

393 

B-h-r 

0-30  U8— 75 

gr  storm  beach  S,  105 

cs  gr,  cobs, 
slabs,  bldrs 
ledge 

39h 

B-h 

B— It— Cb 

Dunes 

6-10 

— 

0-38 

S,  95-1005 

22-38 

S,  20-1005 
fn  gr,cs  gr 

395 

B-Ii-Cb 

B-It-r 

B-3-r 

Dunes 

8-15 

— 

23-135 

S,  80-1005 
med  gr 

30-U5 

S,  10-1005 
mod  gr,cs  gr 
ledge  rock 

396 

B-h-r-M 

— 

— 

Rock  bench,  submerged, 

Bldrs,  reed  marsh. 

397 

B-h-C 

LOW 

dunes 

— 

Sandy  beach 

zone. 

390 

Dl-Cb 

Dh-Cb 

Dlb 

Dhb 

Dunes 

8-100 

Dunes 

10-32 

0-3h2  17-100 

S,  80-995  S,  85-985 

med  gr,  bldrs  fn  gr,med  gr 

cs  gr,  bldrs 

399  Ah-Dlb 

Dh-AL-Ii-Cb 

Dunes 

5-90 

Bluff 

20-60 

Bluff 

30 

8-33 

S,  50-935 
fn  gr,cG  gr 

25 

S,  10-755 
cn  gr,mou  gr 

Uoo 

B-Ii 

Ah-B-h 

Bluff 

90 

Bluff 

30 

21-100 

S,  65-9)45 
cs  gr 

2lj4j2 

S,  50-955 
fn  gr,cs  gr 

Photo 

number 


Figure  23 
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Physio-  Basic 
graph!  c  const 
unit  zone 

number  elements 

Height(.-.  , 
bluff, 
cliff 
or  dune 

)  Slope  in 
degrees, 
bluff 
or  cliff 

Backshorc : 
width  in  ft,; 
materials 

Foreshore : 
width  in  ft,; 
materials 

Photo 

number 

ilOl 

Ah-b/UDhb 

Ah-l/b-Dlb 

Bluff 

35-150 

Dunes 

10-50 

Bluff 

35 

o-bo 

s,  98-100$ 

bldrs 

33-b? 

s,  98-100$ 

bldrs 

b02 

Ah-b/1 

Ah-l/b-Al-b-Dhb  Bluff 
Ah-l-Al-b-Cb  70-150 

Ah-b/l-C  Dunes 

10-75 

Bluff 

30-35 

12-b5 

S,  97-100$ 
fn  gr,  bldrs 

l5-b8 

S,  93-100$ 
fn  grpned  gr 
bldrs 

b03 

Ah-bA/b 

200-250 

30-35 

25-h2 

S,  97-100$ 
cobs,  bldrs 

25-b2 

5,  97-99$ 

fn  gr,  bldrs 

bob 

Ah-Dh/Al-b  Bluff 
Ah-B-b-Dl-Cb  75-200 
Ah-l-B-b-Cb  Dunes 

Aj.-D-b  10-75 

Bluff 

30 

Dunes 

10-35 

O-bO 

S,  97-100$ 
cs  gr,  bldrs 

20-38 

S,  9b-98$ 
fn  gr,cs  gr 
bldrs 

bo5 

Ah— bA- 

125 

30 

18 

S 

b8 

S 

bo6 

Ah-l-B-b 

Bluff 

125 

Bluff 

30 

27 

S 

33 

s 

bo6A 

Dhb 

Dlb-Cb 

Ah-Dl-Cb 

Dunes 

12-70 

Bluff 

20-35 

8-b2 

S,  88-100$ 
mod.  gr 

10-27 

S,  95$ 

fn  gr 

b07 

B-b 

B-l 

Al— b— B— b 

Bluff 

10 

Bluff 

25 

0-21  0-36 

cs  gr  till,  cs  gr, 

mod  gr,  bldrs 
One  place: 

s,  10 0$ 

In  part,  riprap  and  seawall. 

b08 

Dh-Cb 

Dunes 

10-75 

10-32 

12-15 

S 

b2-b5 

S 

b09 

B— b 

— 

— 

0-15 
cs  gr 

16-18 
cs  gr 

bio 

Al-bA 

20-25 

bo 

nono 

10-12 

raed  gr,cobs 

Physio-  Bnsio 

Height(ft,)  Slope  in 

graphic  coast 

bluff. 

degrees, 

unit 

sono 

cliff 

bluff 

number 

elements 

or  dune 

or  cliff 

101 

Fh-Ah-b 

FI 

B-ii 

20-55 

25-90 

hl2 

Fh-B-b-r 

cliff 

Cliff 

C/B-Ii-r 

35 

30 

103 

Al-1 

Ah-b-Ah-Jj 

?0 

3CT5 

lOU 

Fh-B-8-R 

Cliff 

Bluff 

50-60 

30 

105 

Fh-B-li 

Cliff 

Cliff 

hO 

30 

206 

AwJ/a-n 

Fh-AWi 

Cliff 

Cliff 

80-P0 

Bluff 

80-30 

Bluff 

Fh-Jl 

B-8 

20-75 

20-30 

107 

B-b 

Fill 

R 

8-15 

108 

R 

109 

B-b-r 

Al-b 

Dlb-C 

Bluff 

12 

Dunes 

5 

Bluff 

35-hO 

109A 

Dh-Cb 

Dunes 

15-75 

30-h5 

109B 

Ah— U 

Ai-h 

Ah-3/U-C 

Bluff 

35-75 

10-30 

Backshoro:  Foreshore:  Photo 

\ridth  in  ft*;  width  in  ft*;  number 


materials 

materials 

0-19 

cs  gr,  cobs 
fill  in  part 

0-15 

cs  gr,  cobs 
bldrs 

0-39 

cobs,  cs  gr 

0-23 

cs  gr,  cobs 
bldrs 

0-18 

cs  gr 

10-12 
s,  0-25$ 

cs  gr,  bldrs 

Shore  held  by  soowall  and 
riprap . 

none 

12-18 

cs  gr 

0-3X 

Ofl  g Vi  GGlJB 

bldfg 

13-)i5  , 

6,  0»g($ 
e§ 

21-36 
s,  20 -952 

fn  gr,  cobs 

18-50 
s,  10-25$ 

cs  gr,  cobs 
bldrs 

Fill  along  low  plain. 

9-35 

S,  10-99$ 
cs  gr 

15-120 

S,  10-95$ 

C3  gr,  bldrs 
ledge  rock 

12-30 

S 

2h-29 

S,  97-99$ 
fn  gr 

15-35 
s,  10-97$ 

mod  gr,cs  gr 

16-50 

S,  20-95$ 
fn  gr,  mod  gr 

cs  gr 


60, 


Physio- 

grapliio 

unit 

number 

Basic 

coast 

zone 

elements 

Height(ft«)  Slope  in 
bluff,  degrees, 

cliff  bluff 

or  dune  or  cliff 

Backohoro: 
■width  in  ft,j 
materials 

foreshore:  Photo 

■width  in  ft,j  manber 
materials 

U9C 

B-lx 

— 

— 

0-llx 

S,  20-905' 

cs  gr,med  gr 
bldrc 

17-25 

S,  20-955 
med  gr,cs  gr 
bldrs 

1*190 

B-ix-r 

Al-£-3-r 

Bluff 

15-20 

Bluff 

20 

12-50 

fn  gr,cs  gr 
bldrs 

20-130 
fn  gr,cs  gr 
bldrs, lodge 

1x193 

Dlb 

Dunes 

20-30 

30 

12 

S,  93-9556 
cs  gr 

20 

s.  90-925 

fn  gr 

law 

B-lx~r 

Al-lx-B-lx-r 

Bluff 

20-25 

Bluff 

20-25 

0-90 

S,  10-85/S 
fn  gr,cs  gr 

10-180 

S,  10-605 
cs  gr,bldrs 
slabs, ledge 

hl$G 

Dlb 

Dl-Cb 

Dunes 

8-1*0 

Dunes 

10-1x0 

12-27 

S 

25-36 

S,  96-995 
f  n  gr 

l*19H 

B-Q-r 

— 

— 

Beach  zone  oi 
ledge  rock 

gr  and 

iapi 

D1 

Ll-Cb 

Dunes 

5-35 

— 

Bar  of  S  (955)  and  fn  gr 
encloses  lagoon. 

Bar  and  lagoon  150  ft.  wide. 

law 

B-lx-C 

B-lx-Cb 

B-l*-C-r 

A14xA~C 

Dunes 

3-35 

Bluff 

10-25 

20-90 

where 

present 

8-30 

s,  30-1005? 

fn  gr,cs  gr 

Two  points  of 
115  and  375  ft 

12-60 
s,  5-985 

fn  gr,cs  gr 
bldrs 

cs  gr  and  bldrs, 

'«  long. 

1x20  Ah-ix  A-Al-l-B-ii  30 

20^25 

30 

none 

On 

cv 

cs  gr, bldrs 

1*21 

Ah-1 

Ah-3AA/8  25 

30 

9 

s,  955 

os  gr 

20 

s,  90-925 

fn  gr 

1x22 

Fh 

FI 

18-30 

30-90 

0-21 
s,  755 

cs  gr 

0-30 

s,  50-705 

cs  gr,  slabs 

61. 


Pli/sio- 

grnphio 

unit 

number 

Basic 

ooast 

sono 

elements 

Height (ft.)  Slope  in 
bluff,  degreos, 

cliff  bluff 

or  duno  or  cliff 

Bnckshore: 
width  in  ft,; 
materials 

Foreshore: 
width  in  ft.  • 
materials 

1*23 

Al4*/l 

Al4*-Cb 

Al-l*/8 

B-2/8 

10-25 

15-35 

10-50 

S,  0-100$ 
fn  gr,cs  gr 

ib-5o 

S,  0-100$ 
fn  gr,  mod  gr 
cs  gr, bldrs 

b2b 

B4* 

B4*-C 

B-b-r 

Dunes 

5-20 

5-21 

S,  10-98$ 
fn  gr,cs  gr 

9-35 

S,  0-97$ 
fn  gr,med  gr 
cs  gr, bldrs 

1*25 

Ah4*A 

Ah-b/5 

21-25 

354*0 

15-38 

S,  70-90$ 
cs  gr, bldrs 

lb-27 

S,  65-9b$ 
fn  gr, bldrs 

126 

Dl-C 

B-b 

Dunes 

5-15 

" 

7-20 

S,  80-96$ 
fn  gr,cs  gr 

184*7 
s,  30-98$ 

fn  gr,cs  gr 
clbs, bldrs 

1*27 

Ah-3/U/8 

20-25 

37 

1*5 

s,  98$ 

fn  gr 

26 

S,  95$ 
fn  gr 

1*28 

Dl-B-U-r 

Dlb-C 

Dl-Al4*/5 

Dunes 

5-30 

Bluff 

10-25 

Bluff 

354*5 

23-32 

s,  1*0-96$ 

fh  gr,cs  gr 
bldrs 

10-20 
s,  25-98$ 

fn  gr, bldrs 

1*29 

Dl/Al-IA 

Dunes 
10-15 
Bluff  18 

1*5 

none 

29 

S,  99$ 
fn  gr 

1*30 

D1 

TTlb 

Dl-C 

Dunes 

3-1*0 

Nip  3-15 

15-35 

15-63 
s,  65-100$ 

fn  gr,cs  gr 

174*0 

S,  85-99$ 
fh  gr,cobs 
bldrs 

1*31 

B-l* 

B-!*-C 

Al4* 

Bluff 

6-8 

Bluff 

30 

0-75 

S,  97$ 
fn  gr, bldrs 

o-55 

s,  95-95$ 

fn  gr, bldrs 

1*32 

Al-1*-C 

8 

20 

25 

S,  70$ 
mod  gr 

50 

S,  25$ 

fn  gr,med  gr 

Photo 

number 


Figure  18 


Physio¬ 

Baoic 

Hoight(ft.)  Slope  in 

graphic 

coast 

bluff. 

degrees, 

unit 

zone 

cliff 

bluff 

hraber 

olanonts 

or  dune 

or  cliff 

h 33 

B -h 

Dunes 

30-38 

Dl-B-h  5-20 

B-li-C  Bluff 

Al-l|-B-ii-C  12-15 


U3U 

Ah-l-Dl-C 

Bluff  60 
Dunes 

3-30 

Bluff 

k3 

U35 

Al-l;-C 

Al4j 

Bluff 

5-18 

30-33 

h36 

Ah-l-Al-h/l 

Ah-it-C 

lt0-70 

lB-20 

30— U5 

U37 

Al-li-C 

10-15 

35-itO 

1*38 

B-lt 

— 

— 

1(39  AhUi/l/^AUi 

ito-ioo 

10-20 

30-30 

UUO 

B-U 

B— it— R 

— 

— 

bbl 

ai-1*A 

B-li 

Al-ii 

10-20  * 

10-90 

hh2 

Ah-it 

200 

37 

ltli3 

Ai-a 

B— u 

AlWt-Al-lt 

Al-it-Al-it 

1^30 

12^20 

10-itO 

Backshore: 
v/idth  iii  ft, 
materials 

Foreshore : 

}  v/idth  in  ft,j 
materials 

62. 

Photo 

number 

0— 14.0 

10-33 

s,  65-975? 

S,  65-97$ 

fn  gr,cs  gr 
bldrs 

fn  gr 

20 

9 

s,  925? 

S,  97$ 

fn  gr 

f  n  gr 

12-18 

Hi-25 

S,  65-995? 

S,  99 % 

fn  gr 

fn  gr 

8-30 

12-15 

S,  93-985? 

■  s,  90-97$ 

fn  gr,bldrs 

fn  gr,till 

16-23 

21-32 

S,  97-99% 

S,  97-995? 

fn  gr 

fn  gr 

13-30 

19-27 

S,  95-97% 

s,  97-98$ 

fn  gr 

fn  gr 

No  beaches. 

Shore  is  fill 

held  by  riprap. 

6-15 

6-15 

O 

S 

In  part,  seav/all  along  beach. 

0-15 

0-15 

S,  50-1005? 

s,  30-98$ 

fn  gr,mod  gr 

fn  gr,0B  gr 

bldrs 

cobs, bldrs 

Beach  zono  10-15  ft,  vd.de, 

S  and  fn  gr, 
road. 

Riprap  holds 

0-15 

h-25 

S,  20-935? 

S,  20-99% 

mod  gr,cs  gr 

cs  gr,cobs 

bldrs 

bldrs 

63. 


Physio-  Basic 
graphic  coast 
unit  zone 

number  elements 

Height(ft.)  Slope  in 
bluff,  degreos, 

cliff  bluff 

or  dune  or  cliff 

Backshore: 
width  in  ft.; 
materials 

Foreshore* 
■width;  in  ft.j 
materials 

Wilt 

B— It 

B-it-M 

30  25 

S,  97%  S,  91% 

fn  gr  fn  gr 

In  part*  net  'beach  10-20  ft. 
wide,  s  and  muck;  roed 
march  offshore. 

Wt5 

Ah-1  or  It 
Ah-it-Ah-lt 

k2 

30-100 

35 

8-20 

S,  80-100/b 
fn  gr,bldrs 

10-16 

S,  10-9$ 
cs  gr,cobs, 
bldrs 

10t6 

di 

Ah-l-Dl 

Dunes 

WlO 
single 
bluff  30 

10-30 

9-28 

s,  70-10$ 

fn  gr,  bldrs 

10-23 

3,  75-100 
mod  gr, bldrs 

Ut7 

Al4t 

Ah-l-Al-1 

30-60 

lE2o 

30 

7-12 

S,  90-982 
med  gr, bldrs 

7— lit 

s,  75-9$ 

cs  gr, bldrs 

Wi6 

DL-B/ltfC 

Dl/B-lt-041 

94t 

Dunes 

5-23 

— 

6-12 

S,  92-10$ 
fn  gr 

12-22 

S,  lt0-10$ 

med  yr 

Wt9 

Al-lt 

Al-U-AUt 

IS  A 

V£-5o 

5-30 

12-15 

S,  882 
fn  gr 

27 

s,  90% 

fn  gr 

U50 

B4t 

— ' 

— 

7 

S 

9 

S 

b$l 

ALJt 

Ah-it-Al-it 

22 

20 

35 

9 

S 

6 

s 

Riprap 

h$2 

B-lt 

— 

— 

5-12 

S 

10-lit 

S 

h$3 

Al-lt 

Ah4tWll4t 

B-lt 

17  u 

B-iS 

10-30 

U— 20 

s,  65-1002 

fn  gr,cs  gr 
bldrs 

9-65 

S,  20-98/O 
fn  gr,cs  gr 
cobs, bldrs 

h  & 

Ah4t 

25 

30 

none 

9 

s,  U$ 

cs  gr 

Photo 

nianber 


Physio-  Basic 

Height (ft,)  Slope  in 

Backshore  * 

Foreshore : 

graphic  coast 

bluff, 

degrees, 

width  in  ft.j 

vddth  in  ft.j 

unit 

zone 

cliff 

bluff 

materials 

materials 

niwber  elements 

or  dune 

or  cliff 

1*55 

B-l* 

5-37 

12-21 

B-l*Ji 

S,  93-1002 

S,  97-1002 

B-J*-R 

fn  gr 

fn  gr 

From  Traverse  City  northwest: 

shore  protected  by  fill  and 

seawalls  or  piling. 

1*56 

Al-1* 

12-20 

10-30 

0-10 

11-15 

s,  5o-ioo2 

S,  10-9# 

fn  gr,cs  gr 

fn  gr,cs  gr 

bldrs 

bldrs 

1*57 

Ah-2 

50-75 

35-1*0 

none 

10 

Ah— 2/5— Al— 1* 

2CKL00 

S,  cobs, bldrs 

1*58 

Al-li-M 

20-30 

10-30 

0-26 

11-17 

Al-i*-Al4* 

10-18 

S,  0-99* 

s,  50-952 

Al-l*-B-l* 

fn  gr,med  gr 

fn  gr,  cobs 

bldrs 

bldrs,  muck 

One  place:  reod  marsh 

1*59 

B-l* 

- j 

i 

9 

21 

S 

S 

1*60 

Al-1 

20 

1*0 

1*  • 

12-11* 

fn  gr 

s,  252 

cobs,  bldrs 

1*61 

B-l* 

- 

22 

30 

S,  972 

S,  962 

fn  gr 

fn  gr 

1*62 

Ah-i 

90-100 

1*0 

l*-8 

21* 

S,  9% 

S,  902 

fn  gr 

fn  gr,  bldrs 

1*63 

A14* 

Ah-2/5A-Al-i* 

15-13° 

15-1*3 

0-1*5 

5-33 

Ah-l*-Ah-!*A 

12-25 

S,  20-1C02 

S,  0-952 

fn  gr,med  gr 

fn  gr,cs  gr 

cs  gr 

cobs,  bldrs 

1*61* 

B-l* 

Bluff 

30 

0-11 

3-12 

Al^l|-B-lt 

8-15 

fn  gr 

s,  50-1002 

fn  gr,  fill 

Reed  marsh  at 

one  place-, 

6U* 

Photo 

number 


Figure  3 


Ptgrsio- 

graphio 

unit 

nunber 

Basic 

coast 

sons 

dements 

Height (ft.)  Slope  in 
bluff,  degrees, 

diff  bluff 

or  dune  or  cliff 

Backshore  s 
width  in  ft.j 
materials 

Foreshore: 
width  in  ft.j 
materials 

Photo 

number 

i»6$ 

Al-U 

B-h 

10-1^> 

10-35 

0-9 

S,  15-9$ 
fn  gr,med  gr 
cs  gr 

6-15 

s,  20-925 

fn  gr,cs  gr 
cobs,  bldrs 

h66 

B-h 

— 

— ~ 

none 

16 

S,  975 
f  n  gr 

U67 

AlA-Al-U  15-18 
i!PiE 

30 

3 

cs  gr 

19 

s,  355 

cs  gr 

U67A 

— 

Hi 

fn  gr 

21 

S,  255 
fn  gr 

1*68 

Al— Ij 

6-18 

10-30 

0—12 

S,  15-9$ 
fn  grilled  gr 

0-1*5 

S,  10-995 
fn  gr,med  gr 
cs  gr,  cobs. 

Riprap  one  place. 

U69 

B-l 

10-12 

S 

20-38 
s,  50-965 

fn  gr,cs  gr 
bldrs 

1*70 

Al4i-Al-Ji  20 _ 

TCT 

25-30 

5 

es  gr 

20 

es  gr,  cobs 

bldrs  —  zone 
of  seepage 

U71 

B-Ji 

B-1|«4I 

0-18 
s,  9$ 

fn  gr 

Roeds  offshore 

20-30 

S,  75-995 
muck,  cobbles 
one  place. 

U72 

Al-U 

Low 

15-25 

Sandy  beach  zone. 

1*73 

B — JU 

0-10 

s,  25-1005 

fn  gr,mod  gr 
mud 

21-51 

S,  65-995 
fn  gr,med  gr 
cs  gr,  cobs 
bldrs,  mud 

Physio-  Basic 
graphic  coast 
unit  zone 

nunber  elements 

Height(ft.)  Slope  in 
bluff,  degrees, 

cliff  bluff 

or  dune  or  cliff 

Backshore: 
width  in  ft.; 
materials 

Foreshore* 
width  in  ft*; 
materials 

h7h 

Al-1* 

10-25 

20-1*0 

0-20 
cs  zr 

1V22 

s,  io4*o% 

cs  gr,  cobs 
bldrs 

1*75 

B-l* 

— 

— 

none 

30 

cs  gr,  cobs 
bldrs 

1*76 

Al4* 

10 

15 

none 

17 

fn  gr,  cobs 
bldrs 

h77 

B-l* 

— 

— 

0-20 

S,  65% 
fn  gr 

15-22 

S,  20-100% 
fn  gr 

1*78 

Al-1* 

10 

10-15 

12 

S,  7055 

med  gr,  bldrs 

33 

s,  35% 

med  gr,cs  gr 
mud 

1*79 

B-U 

— 

— 

16 

S 

15 

S 

1*80 

Dl-Cb 

Dl-G 

Dunes 

5-30 

10-25 

18 

S,  96% 
fh  gr 

16 

S,  96% 
fn  gr 

1*81 

B-l* 

Al-1* 

Al4*-B-l* 

5-l*o 

7fhere 

bluff 

35 

where 

bluff 

5-33  18-100 

(100  one  point)S,  10-92%' 

S,  10-95%  med  gr,cs  gr 

fh  gr,med  gr  cobs,  bldrs 

cs  gr,  cobs 
mud 

1*82 

Dh-C 

Dh-Cb 

Dlb 

Dl-Cb 

3-li-Cb 

Dunes 

5-1* 

Dunes 

10-25 

3-70; 

S,  85-ioo% 

fn  gr,med  gr 

12-77 

s,  70-100% 

fn  gr,es  gr 
cobs,  bldrs 

1*83 

Ah-1 

Ah-5-Cb 

Ah-1*A 

Ah-1/5 

35-250 

35-1*5  ■ 

74*5 

S,  5-98% 
os  gr,  cobs 
bldrs 

17-56 

S,  10-99% 
fn  gr,med  gr 
cs  gr,  dobs 
bldrs 

66, 

Photo 

number 


674 


Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zone 

elements 

Height (ft.)  Slope  in 
bluff,  degrees, 

cliff  bluff 

or  dune  or  cliff 

Backshore : 
■width  in  ft.; 
materials 

Foreshore: 
width  in  ft,; 
materials 

h8b 

Al-b 

15 

ho4i5 

none 

25 

S,  952 

cs  gr,  cobs 
bldrs 

U85 

Dl-C 

Dh-Cb 

Dunes 

6-60 

Nip  5 

Nip 

30 

20-35 

S,  97-1002 
fn  gr 

17-30 

3,  97-992 
fn  gr,  mud 
bldrs 

U8& 

Ab-li/l 

75 

30 

2b 

S 

a  few  bldrs 

16 

S,  962 
fn  gr- 

U86 

Dl-Cb 

Dlb 

Dhb/Al-h 

Dunes 

20-8^ 

Bluff 

20-30 

Nip  5 

Bluff 

15-20 

15-63 

S,  85-962 
med  gr,cs  gr 
cobs 

30-4:8 

S,  88-962 

fn  grpned  gr 
cobs 

1*87 

Ab-1 

Ah-l,b>5 

150-200 

35-75 

12— 1|8 

S,  10-972 
fn  gr,cs  gr 
cobs,  bldrs 
mud 

lb-29 

S,  10-852 

fh  gr,med  gr 
cs  gr,  bldrs 

bsa-  •  • 

B-b-Cb 

Al-Ii-B-.li 

Bluff 

8-10 

Dunes 

15-20 

10-30, 

nip 

8-38 

S,  98-1002 
fn  gr 

27-50 

S,  96-99 2 
fn  gr 

1*89 

Dl-Cb 

Dlb//h-b 

Bluff 

35-60 

Dunes 

15-bo 

Bluff 

35 

Uk-18 

S,  30-992 
fn  gr,cs  gr 

2U-56 

S,  bo-992 
fn  gr,cs  gr 
bldrs 

1*90 

Ah-lA  30-200 

Ah-1/2AA 

ho-5o 

0-18 
s,  io2 

cs  gr,  cobs 
bldrs 

13  *27 

S,  inJ|02 
cs  gr,  cobs 
bldrs 

h9Qk 

M-iiA-Cl’  Bluff 

20 

Dunes  5 

30 

21 

S,  952 
med  gr 

35 

s,  922 
med  gr 

Photo 

number 


68 


Physio-  Basic 
graphic  coast 
unit  aone 

number  eloraonts 

Height (ft.) 
bluff, 
cliff 
or  dune 

Slope  in 
degrees, 
bluff 
or  cliff 

Backshore: 
width  in  ft.  j 
materials 

Foreshore : 
width  in  ft, 5 
materials 

h9l 

Ah-h-Cb 

25-30 

30 

22 

s,  96% 

fn  gr 

h  3 

S,  97$ 
fn  gr 

h92 

Ah-Dl-C 

Bluff 
est.  1*0 
Dunes 

8-30 

10-30 

21 

S 

hh 

S,  97$ 
fn  gr 

U93A 

Dl-C 

Dh-C 

Dl-B-Ii-C 

B-U 

Dunes 

3-50 

Nip 

3-15 

10-30 

8-75 

s,  6 5-100$ 

fh  gr^ned  gr 
cs  gr 

18-59 
s,  Uo-ioo$ 

fn  gr,med  gr 
cs  gr 

h93 

Ah-1 

Ah-U 

Ah-l-Dhb 

Al-h 

50-375  30-90 

(Al,  18  Ft.) 

O-J4.2 

S,  65-99$ 
fn  gr,  cs  gr 

I6-36 

S,  15-98$ 
fn  gr,cs  gr 
cobs,  bldrs 

h9h 

Ah-l-C 

Ah-l-Dl-Cb 

Bluff 

U5-175 

Dunes 

10-20 

35 

12-la 

S,  99% 
fn  gr 

20-36 

S,  99$ 
fh  gr 

U95 

B-Ji 

— — 

— 

31 

S,  99$ 
cs  gr 

3l4i0 

S,  82-99$ 
fn  gr 

U96 

Dl-C 

Dunes 

15-35 

Dunes 
10-20 
no  nip 

30-75 

S,  97-99$ 
fn  gr 

22-36 

S,  93-97$ 
fn  gr,med  gr 

U97 

B-li 

— — 

19-31* 

S,  93-97$ 
mod  gr#cs  gr 

53-57 

S,  95-90$ 
fn  gr,cs  gt 

It  90 

Dhto»B»li 

Dunew 

ao-6o 

no  nip 

60%, 
cs  gr 

llO 

s,  60% 

cs  gr 

199 

Ah4j 

Ah-h-Dh 

Dl/Ah-li 

Bluff 

25-5oo 

3a-35 

0-20 

8,  98$ 
fn  gr 

16-27 

S,  82-90$ 

Photo 

number 


69. 


Physio-  Basic  Height(ft«)  Slope  in  Backshore:  Foreshore:  Photo 

graph! o  coast  bluff,  degrees,  width  in  ft.;  width  in  ft.j  number 

unit  zone  cliff  bluff  materials  materials 

number  elements  or  dune  or  cliff 


5oo 

B4*-Cb4S 

Dunes 

15-25 

Hip  6-10 

35-1*0 

35 

s 

30 

S,  98# 
fn  gr 

501 

Dhb 

Dlb-E 

Dunes 

15-90 

Bluff 

10-75 

33-35 

37-1*0 

s 

264*8 

S,  98# 
fn  gr 

502 

B-I; 

— 

— 

22 

S 

22 

S,  96# 
fn  gr 

503 

Dh/Al4* 

Ala-1 

Bluff 

275-375 

32-35 

none 

15-32 
s,  65-85# 

fh  gr,cs  gr 
bldrs 

5oU 

Dl-£b 

Dames 

104*0 

Nip  8 

— 

none 

57 

s 

505 

Dh-Cb 

Dames 

10-1*5 

Nip  10 

******* 

Narrow  sand  beach. 

506 

Dl-Cb 

Dames 

15-50 

Nip  10 

1*5 

S,  80-35# 
med  gr 

72 

S,  95# 
med  gr 

507 

Dlb 

Dames 

30-1*0 

Bluff  25 

30 

21 

S 

75 

S 

508 

Dh-C 

Dunes 

20-70 

— 

Beach  zone  of 
feet  wide. 

sand  50~60 

509 

Ah-l-Dh-Cb 

Bluff 

125-150 

Dunes 

15-60 

20-35 

51* 

s,  1*0# 

mod  gr,cs  gr 

27 

s,  65# 

med  gr,fn  gr 

510 

Ah-l/U-Cb 

Bluff 

100-250 

Dunes 

15-60 

Nip  10-15 

Bluff 

304*0 

15-57 

S,  70-85# 
fn  gr,cs  gr 

23-1*0 

S,  1*0-90# 
fn  gT|med  gr 

70 


Physio¬ 

graphic 

unit 

number 

5n 

Basic 

coast 

zone 

eleraonts 

Dh-Cb 

AlrJi— Dhb 

Height (ft. 
bluff, 
cliff 
or  dune 

Bluff 

io-5o 

Dunes 

15-90 

)  Slope  in 
dogrees, 
bluff 
or  cliff 

Backshore : 
width  in  ft.j 
materials 

Foreshore: 
width  in  ft.j 
materials 

Photo 

number 

35 

20-2  U 

S,  70-99$ 
med  gr 

25 

s,  50-95$ 

fn  gr,med  gr 

512 

Ah-3A 

Ah-hA/h 

200-350 

30-35 

0-32 

S,  clay 

18-21 

S,  92-100$ 
fn  gr 

513 

Al-Cb 

Dunes 

10-20 

Nip  3-6 

25-30 

18 

S 

36 

S 

5Uu- 

Dh/AhAA-^  Bluff 
50-200 

25-35 

25-U5 

s 

25-72 

s 

Figure 

515 

Ah-lA 

Ah-J.AA 

♦ 

75-330 

30 

o-5o 

s 

15-51 

S,  97-100$ 
fn  gr 

516 

Dh-Cb 

Dhb 

Dunes 

50-90 

Foredunes 

10-35 

Nip  U-12 

30-32 

16-70 

s 

22-hO 

S,  92-100$ 
fn  gr 

5l6 A 

Ah-h 

290-300 

3h-h0 

18-21 

S,  80-99$ 
fn  gr,.  cg  gr 

28-30 

S,  65-92$ 

fn  gr,med  gr 

517 

B— U— Cb 
Dl-Cb 

Dunes 

15-hO 

Nip  5-12 

30 

12-27 

S ,  96-100$ 
fn  gr 

18-2U 

S ,  65—100$ 
med  gr 

5l8 

B-Cb 

Dimes 

10-20 

— 

30-U2 

s,  75-100$ 

fn  gr 

^20 

Ah-1 

Ah-hA 

Ah-l/U 

50-150 

3b 

0-36 

s 

22A5 

S,  65—95$ 

f  n  gr 

521 

B— 1— Cb 

Dunes 

6-10 

Nip  5 

30 

12 

s 

hO 

S,  96$ 
fn  gr 

71 


Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zone 

elements 

Height  (ft*)  Slope ''in 
bluff,  degrees, 

cliff  bluff 

or  dune  or  cliff 

Backshore: 
■width  in  ft. 
materials 

Foreshore : 

,  •  -vd-dth  in  ft.  3 
materials 

522 

Ah-b 

275-350 

35 

0-10 

S,  95$ 
fn  gr 

10-35 

S,  50-99$ 
cs  gr,bldrs 

523 

Dlb 

Dhb-Cb 

Dunes 

10-75 

Bluff 

6-bO 

25-30 

20-25 

s 

30-65 

S 

52b 

B-b-Cb 

Dunes 

10-15 

— 

none 

32 

S 

525 

Ah-b 

Ah-l/b-Cb 

h5-125 

32-35 

0— b8 

s,  96.400?: 

cobs,fn  gr 

27^5 

S,  95-98$ 
fn  gr 

526 

Dhb 

filb 

Dunes 

20-340 

m  „ 

itflo 

35 

10-b0 

§ 

27-50 

§,  P3«40Q$ 
g!7 

527 

Ed-Cb 

Dunes 

10-15 

30 

21 

S 

30 

S,  95$ 
fn  gr 

528 

Ah-l,5,b 

Ab-b/1 

Ah-l-Cb 

50-120 

30-50 

0-2b 

S 

8— bS 

s,  0-100$ 

fn  gr,cobs 
bldrs 

529 

Dhb 

Dune  8 
bO  plus 

32 

Sandy  beach 

zone. 

530 

Cb 

Dh-Cb 

Dunes 

10-50 

Nip  b-10 

0-b8 

s 

0-b8 

S 

2b-70 

S,  97-100$ 
fn  gr 

531 

Ah-1 

110-125 

35-90 

none 

20-60 
s,  95$ 

fn  gr 

532 

Ah-b-Cb 

Bluff 

b0-60 

Dunes 

10-15 

25-30 

21-33 

S,  95-100$ 
fn  gr 

18 

S,  92-95$ 

fn  gr 

Photo 

number 


72. 


Physio¬ 

graphic 

unit 

number 

Basic 

ooast 

zone 

elements 

Hoight(ft,) 
bluff, 
cliff 
or  duno 

Slope  in 
degrees, 
bluff 
or  cliff 

Backshoro  1 
width  in  ft.j 
materials 

Fox-eshore : 
width  in  ft.j 
materials 

533 

Dl-Cb 

Dhb-Cb 

Dunes 

10-60 

Nip 

6-10 

35 

li0-60 

S 

U5-U8 

S,  992 
fn  gr 

53h 

AhAA 

Ah-lA 

7 5-95 

3ltA5 

0-12 

s,  90-962 

fn  gr 

10-36 

S,  90-962 
fn  gr 

535 

AlA 

15 

25 

18 

S,  952 
fn  gr 

15 

s,  952 

fn  gr 

536 

Ah-ii-Dh 

Dunes 

75-125 

Nip  10 

15-32 

33 

S 

36  ^ 

S,  88-902 

fn  gr 

537 

Dl-Cb 

Dh-Cb 

Dimes 

20-150 

Nip  15-18 

30, 

Nip 

25-75 
s,  96-1002 

fn  gr 

Ii0-72 

S,  92-100 
fn  gr^aed  gr 
seawalls  one 

area 

530 

Al-Ji-C 

Dl/Al-li 

Bluff 

15-20 

Dunes 

6-8 

0-75 

s 

35-75 

s 

539 

Ed— Cb 

Dunes 

20-25 

Nip  5-12 

20-30 

0A0 
s,  982 
fn  gr 

30 

s,  96-1002 
fn  gr 

«tti0 

AW. 

Ah-lA 

Ah-2A/5 

Ah-3A 

30-306 

|M6 

po-ioo2 

fn  gr,med  gr 

8,  S0-J7X 
fn  gr,med  gr 
cob  gr ,bldrs 

5WL 

Dh-Cb 

Dhb-Cb 

Dunes 

20-150 

Nip  10-55 

Nip 

25-3b 

0-60 

8 

25-75 

S 

5U2 

B-h-Cb 

Dunes 

25-35 

Nip  10-20 

30 

30 

S 

90 

s 

Photo 

number 


73 


Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zone 

elements 

Height (ft* 
bluff, 
cliff 
or  dune 

)  Slope  in 
degrees, 
bluff 
or  cliff 

Backshore : 
■width  in  ft.j 
materials 

Foreshore  t 
■width  in  ft,  j 
materials 

Dh-Cb 

Dunes 

20-100 

Nip  10-15 

30 

liO 

S 

55 

s 

5Wi 

Dhb-Cb 

Dunes 

15-125 

Nip  6-15 

30 

35 

s 

hS 

s 

96 

Ah-l-Cb 

Bluff 

50-400 

30 

none 

6o-85 

s 

5U6 

Dhb 

Dh-Cb 

Dlb 

Dunes 

iiO-125 

Nip 

U— 35 

35 

04i5 

S 

35-115 

s 

5U7  Al-W)b-Cb 

Bluff 

185 

Dunes 

30-100 

30 

none 

30-35 

s 

5U0 

Dh-Cb 

Dhb-C 

Dunes 

15-150 

Nip  10-20 

30 

0-20 

S 

20-75 

s 

5U9 

Ah-l-Cb 

Ah-2 

Ah-l/2-Cb 

60-200 

35 

none 

35-90 

s 

550 

Dh-Cb 

Dhb 

Dunes 

15-125 

30 

0-30 

S 

5o-n5 

o 

u 

551 

Ah-It 

Ah-lj-C 

55-95 

364i0 

0-15 

S 

0-75 

s 

552 

Dh/Ah-ii 

Dunes 

100-125 

Bluff 

20-75 

35 

none 

0-103 

S 

553 

Dh-Cb 

Dunes 

15-50 

Nip 

5-15 

30 

25-35 

S 

25-95 

s 

55li 

Dhb 

Dunes  75 
Bluff  60 

37 

none 

0-30 

s 

Photo 

number 


..  I 


Physio¬ 

graphic 

unit 

number 

555 

Basic 

coast 

zone 

elements 

E— Cb 

Height (ft.)  Slope  in 
bluff,  degrees, 

oliff  bluff  ^ 

nr*  fhmfi  or  cliff 

Backshore: 
width  in  ft. 
materials 

Foreshore? 

, ;  width  in  ft.} 
materials 

Dunes 

low 

— 

Sandy  beach 

zone . 

556 

Dh/Ah-l' 

Dhb 

Dunes  175 
Bluff  35 

35 

10 

S 

35 

S 

557 

Ah-ii 

12-50 

33-37 

0-30 

S 

20-50 

s 

558 

Dhb 

Dunes 

75-100 

Bluff 

Uo-75 

30 

none 

U5-75 

s 

559 

Dhb-R 

20  ft.  beach  bohind  groins 
and  seawall. 

560 

Dl-Cb 

Dhb 

Dunes 

10-25 

Nip 

U-l5 

30 

0—55  30— 6c 

S  s 

One  area:  seawall. 

561 

Dhb 

Dunos 

50-100 

Bluff 

30-1*0 

30 

Beach  zone  IiO— 50  ft,  wide 
of  sand.  Local  seawalls 
and  jetties.  Beach  60— 150 
ft.  wide  near  breakwater. 

562 

Dhb-Cb 

Dunes 

20-50 

Nip  8-10 

30 

70 

S 

60 

s 

563 

Dhb 

Dunos 

UO-lOO 

Bluff 

5-iiO 

30 

O-liO 

S 

20-65 

s 

$6h 

Dh-Cb 

Dhb-Cb 

Dunos 

15-75 

Nip 

10-18 

30 

OJ4O 

s 

33-U5 

s 

565 


Dunes 

1|0~70 

Bluff 

20-30 


Til. 

Photo 

number 


Dhb 


30 


Sandy"  beach  zone. 


75. 


Physio¬ 

graphic 

unit 

number 

566 

Basic 

coast 

zone 

elements 

B-1*-Cb 

Dhb-Cb 

Height (ft.)  Slope  in 
bluff,  degrees, 

cliff  bluff 

nr  dune  or  cliff 

Baclcohore: 
vridth  in  ft. 
materials 

Foreshore : 

•  width  in  ft.j 
materials 

Dunes 

20-60 

Nip 

10-12 

30 

where 

nip 

25 

S 

35 

s 

567 

Thb 

Dunos 

h0-60 

30 

Sandy  beach 

zone. 

568 

Dl/Ah-U/1 

Dl/Ah-b/2 

Bluff 

1*0-1*5 

30-U0 

none 

5-60 

S 

569 

Dhb 

Cb 

Dunos 

20-60 

Nip 

8-10 

30 

25 

s 

50 

S 

570 

Dhb 

Dunes 

l*o-6o 

30 

Sandy  beach 

zone 

571 

Dh-Cb 

Dunes 

25-60 

Hip  10-15 

30 

25 

s 

25 

S 

572 

Dhb 

75-ioo 

31 

none 

35 

s 

573 

Dhb-Cb 

Dunes 

25-60 

30 

none 

i*2 

s 

57U 

Dhb 

Bluff 

20-50 

35 

U2-50 

S 

1*5-75 

s 

575 

Dl/Ah-U 

Bluff 

55 

32 

10-15 

S 

0-3 

s 

576 

Dh-Cb 

Dunes 

15-80 

Nip  10-15 

30 

25 

s 

1*5-50 

s 

577 

Dl/Ah-li-Cb 

Dl/Ah-1* 

Bluff 

U5-50 

30 

25 

s 

1*5-105 

s 

578 

Ah-U 

25 

30 

20-25 

s 

30-35 

s 

Photo 

numbor 
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Physio¬ 

graphic 

unit 

Basic 

coast 

zone 

Height (ft.)  Slope  in 
bluff,  degrees, 
cliff  bluff 

Backs hore : 
width  in  ft. 
materials 

Foreshore : 
j  width  in  ft.j 
materials 

mmhAr 

elements 

or  dune 

or  cliii 

1 1  LAW 

579 

Dh/Ah-1* 

Dunes 

1*0-75 

Bluff  25 

30 

none 

50 

s 

580 

Dhb 

Dunes 

U0-60 

30 

Sandy  beach 

zone. 

581 

Dhb-Cb 

Dimes 

30 

30-1*0 

60-75 

s 

20-200 

Nip  10 

s 

582 

Dhb 

100-255 

33 

none 

35-Uo 

8 

583 

Dh-Cb 

15-100 

30 

20 

S 

33 

3 

581* 

Dl-Cb 

Dunes 

30 

Sandy  beach 

zone 

10-30 

Nip  5-10 

585 

Dh-Cb 

Dunes 

30 

none 

50 

c 

25-60 

O 

Nip 

20-25 

386 

Ah-1 

50-71 

1*5-90 

none 

8-80 

R,  25-955 
med  gr,cs  gr 
cobs,  bldrs 

587 

Dl/Ah-l/U 

Dunes 

20-1* 

1*5-70 

0-2  C 

e 

1*5-80 

S,  98-1005 
cobs,  fn  gr 

Dh/Ah— 1— Cb 

Bluff 

6-33 

5 

588 

Ah-1 

Ah-lA 

Ah-li-Cb 

Bluff 

1*0-125 

35-90 

0-35 

S,  p  8-100 
silt,  cobs 

25-168 

S,  1*0-1005 
fn  gr,med  gr 
cobs 

589 

B-l*-C 

Dunos 

30 

1*5 

81* 

C 

B-li-Cb 

12-15 

s 

590 

Ah -R 

1*0 

35 

No  beach  —  steel  seawall. 
Bluff  in  artificial  fill. 

591 

Ah-1 

50-55 

5o-6o 

No  beaches 

• 

Photo 

number 
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Physio¬ 

graphic 

unit 

number 

Basic 

coast 

zona 

elements 

Height  (ft.)  Slope  in  Backshore: 

bluff,  degrees,  width  in  ft,; 

cliff  bluff  materials 

or  dune  or  cliff 

Foreshore: 
width  in  ft.; 
materials 

Photo 

number 

592 

Dl/Ah-U 

U0-U8 

ii3 

none 

30-55 

S,  96-99$ 
fn  gr,cobs 

593 

Ah-U/5 

30 

U5-60 

none 

Uo— U5 
s 

59U 

Dh-Cb 

DKb 

Dunes 

10-200 

Nip 

5-12 

30 

0-30 

S 

20-90 

S ,  60—100$ 
fn  gr 

Figure  13 
Figure  lit 

595 

Ah-1 

Ah-lA/5 

90-liiO 

it04i9 

none 

UO-95 

S 

596 

Dunes  25 
Nip  6 

30 

35 

S 

72 

S,  95-97$ 

fVl  (TV* 

597 

Ah-Dl-C 

Bluff 

20-30 

Dunos 

5-10 

Bluff 

20 

Wide  sandy  beach  held  by 
groins  and  long  harbor 
seawall. 

598 

m 

Ah-R 

Ah^li 

Ah-l/5,U 

10-30 

66*9$ 

30-U0 

Artificial  fill  and  seawall. 

Q4i6  .  , 

S,  S,  m 

fn  gr  fn  gr,clay 

seawall,  in 
part 

600 

Dhb 

Bluff 

30-50 

30 

20 

S 

Uo 

s 

601 

Dlb 

20-10 

30 

30 

s 

70 

s 

602 

Dhb 

Dunes 

UO-125 

Bluff 

10-30 

36 

20— UO 
s 

U5-70 

s 

603 

Dhb-Cb 

Dh-Cb 

Dl-Cb 

Dunes 

20-125 

Nip  5-10 

30 

0-50 

s 

30-110 
s,  98-100$ 
fn  gr 
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Physio¬ 

graphic 

unit 

number 

Basic 

coast 

r.one 

elements 

Height? ft.)  Slope  in 
bluff,  degrees, 

cliff  bluff 

or  dune  or  cliff 

Backshore : 
width  in  ft.; 
materials 

Foreshore: 
width  in  ft.; 
materials 

Photo 

number 

60h 

Ah-1 

Ah-l-Cb 

Ah-3 

20-60 

36-50 

0-30 

S,  clay 

Uo-ioo 
s,  95-985? 

fh  gr,clay 

60S 

Dhb 

Dunes 

hO-50 

Bluff 

20-25 

30-36 

30 

S 

h5 

S,  95-1005? 
med  gr 

606 

B— 6— Gb 

Dunes 

20-30 

Nip  5-10 

29 

none 

93-108 

S,  90-99$ 
fn  gr 

607 

Dhb 

Dhb-Cb 

Dlb 

Dunes 

10-130 

Bluff 

10-110 

2W0 

0-91 

s,  92-1005? 
fh  gr 

U2-ll|8 

S,  65-995? 
fn  gr,clay 

Figure  l5 

608 

DW 

Dunes 

10-25 

— 

Narrow 

S 

120 

S,  9S% 
fn  gr 

609 

Dlb-C 

Dl-C 

Dunes 

lS-bO 

Bluff 

10-15 

30 

U0-100 

s 

67-125 
o,  96-100$ 

fn  gr 

/ 


/ 

Jr  - 
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Figure  1,  Ab-l/-U/l.  Bluff  55-6 0 
feet  high  of  till,  over  lacustrine 
sand  and  gravel,  over  till.  Fresh 
steep  slope  indicates  recent  wave 
erosion.  Narrovr  beach  of  sand  and 
coarse  gravel.  Physiographic  Unit 


Figure  2.  Lh/Ah-h/l-Cb.  Old  bluff 
on  left  175-200  feet  high  including 
capping  of  high  dunes.  Belt  of 
foredunes  10-15  feet  high,  with  nip 
6-8  feet  high.  Sandy  beach. 
Physiographic  Unit  No.  5lU. 
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Figure  3.  Ah-S/^A-Al-k.  01d  bluff  ab 
left  130  feet  high;  lower  plain  at 
right  and  in  middle  distance  has  bluff 
15-20  feet  high.  Higher  bluff  is  of 
glacial  sand  and  gravel,  ovor  lacus¬ 
trine  clay  and  silt,  over  lacustrine 
rind  and  gravel;  low  bluff  is  of 
lacustrine  sand  and  gravel.  Narrow 
beach  of  sand,  gravel,  and  cobbles. 
Physiographic  Unit  No.  U63. 


Figure  Uv  Al-1,  Bluff  of  till 
13-lh  feet  high.  Beach  of  sand, 
gravel,  and  boulders.  Fresh  slope 
and  fallen  tree  indicate  rapid  wave 
erosion. 

Physiographic  Unit  No.  b2. 


Figure  5.  Al-5.  Bluff  15  feet  high 
of  lacustrine  silt  and  clay.  Beach 
of  sand.  Fresh  bluff  face  and  over¬ 
hanging  sod  indicate  rapid  wave 
erosion. 

Physiographic  Unit  No.  Li2. 


Figure  7*  B-h.  low  plain  of 
bouldery  lacustrine  gravel,  with 
bouldor  and  cobble  beach.  Under¬ 
mined  trees  shew  that  wave  erosion 
is  taking  place. 

Physiographic  Unit  No.  195* 


Figure  6.  B-lu  Low  wooded  plain  of 
lacustrine  sand  and  gravel.  Broad 
beach  of  sand  and  a  few  boulders, 
which  may  crane  from  till  below. 

Beach  appears  to  be  aggrading. 

Physiographic  Unit  No.  209. 


Figure  8.  B — h .  Low  plain  of  lacus¬ 
trine  sand  and  gravel  with  broad 
sandy  beach.  House  stands  on  estate 
held  by  boulder  sea  wall,  that  now 
projects  135  feet  into  lake  beyond 
water  line  on  north  and  south.  House 
was  built  in  1938 >  and  seawall  was 
built  in  1950.  Active  wave  erosion 
between  1?50  and  1956  is  indicated. 
Physiographic  Unit  No,  1, 


Figure  9,  B-li-r.  Lovr  plain  of  Figure  10.  B-h-r,  Low  plain  of 

coarse  lacustrine  gravel  (shows  at  coarse  lacustrine  gravel  and  sand 

right)  overlying  slabby  dolomite  bed-  (exposed  at  right).  Narrow  beach 

rock  which  forms  bench  in  beach  zone.  zone  of  gravel,  cobbles,  boulders. 

Bench  strewn  with  blocks  and  slabs.  and  dolomite  slabs.  Dolomite  bedrock 

Physiographic  Unit  No,  138,,  is  exposed  near  this  area  and  is 

inferred  here. 

Physiographic  Unit  No.  69. 


Figure  11,  B-ii-Cb-r.  Low  wooded  plain 
of  lacustrine  sand  and  gravel,  with 
marginal  belt  75-90  yards  wide  of  fore¬ 
dunes  8-15  feet  high.  Nip  10  foot 
high.  Beach  of  sand,  coarse  gravel, 
and  angular  shingle,  Bodrock  roof 
inferred. 

Physiographic  Unit  No,  305, 


Figure  12,  Dh-Cb,  V,1 boded  dunes  in 
right  distance  50-55  feet  high.  Belt 
100-200  foot  wide  of  foredunes  10-30 
foot  high,  with  low  nip  above  broad 
sand  beach.  Gmail  river  on  right 
lies  back  of  foredunes* 

Physiographic  Unit  No,  33)1, 
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Figure  13.  Dhb.'  Dunes  120-lUC  feet 
highj  dune  sand  rests  on  15  feet  of 
lacustrine  sand  and  gravel  at  base  of 
bluff.  Fresh  bluff  indicates  recent 
active  wave  erosion.  Narrow  sandy 
beach. 

Physiographic  Unit  No.  59b. 


Figure  lip.  Dh-Cb  .Wooded  dunes  at 
right  130  feet  high.  Foredunes 
(foreground)  15-20  feet  high.  with 
6-8  foot  nip.  Beach  zone  of  sand 
and  gravel.  Recent  erosion  is  in¬ 
dicated. 

Physiographic  Unit  No.  5 9b. 
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Figure  15*  Dlb.  iUujus  about  35 
feet  high,  with  wave-oroded  bluff  20- 
25  feot  high.  Broad  beach  of  sand 
and  fine  gravel. 

Physiographic  Unit  No.  607. 


Figuro  16,  Dlb/B-U.  Dunos  15-25 
feet  high  rest  on  plain  of  lacustrine 
sand  and  gravel  12-lb  feet  above  lake 
level.  Fresh  bluff  on  dunes  shows 
wave  erosion  in  recent  years.  Broad 
beach  of  sand  and  pebbles. 
Physiographic  Unit  No.  U8. 


Figure  17.  Dl-r.  Lot:  -rooded  dunes 
(left  background)  with  very  broad 
beach  mainly  of  sawdust  and  driftv:ood 
with  about  20 %  sand.  Hock  reefs  near 
water  line  defend  boach  at  places. 
Physiographic  Unit  No.  329. 


Figure  18.  Dl-3-h ,  Gravel  bar 
enclosing  lagoon.  At  loft  beyond 
view  is  gravel  foreland  or  plain  in 
front  of  low  dunes. 

Physiographic  Unit  No.  1x28, 
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Figure  19.  Fh.  Vortical  cliff  of 
dolomite  3 5-U9  foot  high.  Narrow 
beach  Bono  of  angular  slabs,  blocks  and 
shingle , 

Physiographic  Unit  No,  llh. 


!  Figure  20,  Fh-B-h.  Cliff  of  shaly 
|  dolomite  and  limostonc,  30-35  feet 
;  high.  At  left  is  low  gravel  foreland 
6-8  feet  above  lako.  Beach  is  of 
angular  shingle  and  slabs. 
Physiographic  Unit  No.  21*9. 
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Figure  21*  FI.  Plain  of  dolomite 
about  18  feot  above  water,  with 
vertical  cliff  12-15  feet  high.  No 
beach  zone. 

Physiographic  Unit  No,  lh9. 


Figure  22./  Plain  of  dolomite  about 
18  fec-t  above  water.  Vertical  cliff 
about  lit  feot  high.  Narrow  beach 
zone  of  cobbles  and  small  boulders. 
Physiographic  Unit  No.  lli.9. 
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Figure  23.  B-ii-r-JJ.  Bench  and  off¬ 
shore  zone  of  low  plain  of  lacustrine 
aond  and  gravel.  Beach  zone  of  sand, 
coarso  gravol,  and  slabs.  Roofs  of 
dolomito  show  through  bench  doposits 
at  places.  Offshoro  zone  50-300 
yards  v/ido  is  filled  with  reeds. 
Physiographic  Unit  No,  396. 


Figure  2U.  Ah4u  Llargin  of  a  plain 
of  lacustrine  sand  and  gravol  25-30 
feet  above  lake.  Road  rests  on  fill 
stabilized  by  grass  and  protected 
at  base  from  wavoo  by  riprap  ridge. 
Physiographic  Unit  No,  2*35.’ 
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press; rr  a;©  past  changes  in  tie  shore  zone 

Shore  Processos  — -  Progradation  and  Retro gradation 
Along  most  of  the  Lake  Michigan  shore  zone,  wave  and  current  action  has 
either  built  out  (progradod)  or  cut  back  (retrograded)  the  land.  These 
processos  have  been  slow  or  rapid,  depending  on  a  number  of  factors.  In  gen¬ 
eral,  erosion  seems  to  have  been  most  common.  Deposition  or  progradation 
occurs  where  a  large  amount  of  sediment  is  supplied  to  the  shore  by  tributary 
streams  or  shore  erosion  noarby,  or  whore  a  large  amount  of  sediment  in  long¬ 
shore  transit  is  caught  by  some  projecting  point  or  structure.  No  large 
amounts  of  sodimont  are  being  brought  into  Lake  Michigan  by  tributary  streams. 
Where  man  has  built  long  piers,  groins,  or  other  structures  out  from  the  shore, 
these  have  locally  caught  longshore  drift  so  as  to  create  beaches  up  to 
several  hundred  feet  wide.  At  a  few  places  the  configuration  of  the  shoreline 
has  led  to  a  concentration  of  longshore  drift  at  certain  points  —  notably  at 
Point  Betsie  in  Benzie  County,  and  Big  Sable  Point  in  Mason  County,  Michigan. 
But  at  most  places  the  shore  is  relatively  stable  or  has  suffered  recession. 

The  rate  of  such  recession  depends  on  such  factors  as  the  following: 

Height  of  backland  above  mean  lake  level. 

Materials  composing  backland  and  landface,  v/hethcr  weak  or  strong. 

Abundance  and  coarseness  of  beach  materials,  whether  moved  in  from 
elsewhere  or  derived  frexn  the  retreating  landface  by  erosion  and 
assorted  by  wave  action. 

Exposure  to  lake  storms  and  wavos.  The  inner  shores  of  bays  suffer 
feebler  Tvave  attack  than  headlands  or  straight  stretches  of.  shore. 

Protective  structures  built  by  man. 

Level  of  Lake  Michigan.  During  periods  of  high  avorago  lalco  lovol, 
wave  attack  is  several  times  more  vigorous  than  during  periods 
of  low  average  level. 

Unusual  storms  of  great  severity. 
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The  factors  which  vary  most  strongly  with  respect  to  time  are  the  two 
last  named.  The  mean  montlily  levol  has  shown  extremes,  since  18  5h,  of  577*2 
feet  In  February,  1933,  and  583.8  feet  in  July,  1859.  From  1900  to  1953  the 
level  ateragod  579.9  feet,  with  unusually  high  levels  occurring  in  1918, 

1929,  and  tho  period  19li3  to  1952.  Unusually  low  levels  occurred  in  1926  and 
193h.  Without  oxeeption,  aoooleratod  shore  erosion  hnn  taken  place  during 
tines  of  high  water,  while  during  low  water,  beaches  have  widened  and  wave 
attack  on  the  landface  has  been  much  less  effective.  Records  kept  since  185U 
show  that  lake  levels  have  fluctuated  in  an  irregular  pattern  v/ith  tines  of 
high  wa ter  recurring,  on  the  average,  every  ten  to  twelve  years.  Past  wave 
erosion  has  varied  with  these  changes  in  lake  levels. 

The  problem  of  present  wave  erosion  and  shore  retreat  is  a  very  serious 
one  to  both  municipalities  and  indiviiuals*  As  such,  it  has  been  persistently 
studied  oy  engineers  and  engineering  organizations,  including  the  Beach  Erosion 
Board  of  the  U.S.  Array,  Corps  of  Engineers.  The  latter  organization  has 
published  the  results  of  detailed  shore  studios  in  Milwaukee  and  Racine 
Counties,  Wisconsin;  the  city  of  Kenosha;  and  Lake  and  Cook  Counties,  Illinois, 
A  similar  report  on  Berrien  County,  Michigan,  is  now  ready.  To  these  reports 
tho  reader  is  referred  for  information  on  engineering  aspects  of  the  shore 
problem. 

Former  Studies  of  Shoreline  Changes 

The  problem  of  Lake  Michigan  shore  recession  under  wave  attack  was  studied 
as  early  as  l86ii  by  Charles  Whittlesey  in  the  Milwaukee  aroa,  and  1868  and 
1870  by  Hoary  M,  Bannister  in  Illinois.  Although  neither  gavo  quantitative 
measurements ,  both  authorities  concluded  that  past  wear  of  bluffs  may  havo 
amounted  to  hundreds  of  feet  and  that  the  annual  rate  was  several  feet  at 


8?. 

many  places.  In  1870  Edmund  Andrews#  computed  that,  in  a  period  of  15  to  35 


*  Andrews,  Edmund,  "The  North  American  Lakes  Considered  as  Chronometers  of 
Post-Glacial  Time,"  Trans.  Chicago  Acad,  Sci.,  Vol,  II,  1870,  pp.  l-2iu 

years  preceding  1870,  annual  recession  of  the  shore  averaged  28  feet  at  23 
selected  points  between  Evanston  and  Manitowoc.  T.  C,  Chamberlin  in  1877 
published  results  of  computations  by  P,  R.  Hoy,  S.  G,  Knight,  and  himself. 

■a*  Chamberlin,  T,  C,,  "Geology  of  Wisconsin,"  Vol.  II,  1877,  pp.  219-233* 

Hry  found  that  Racino  cemetery  suffered  an  average  annual  loss,  between  18), i0 
and  l08h,  of  9,73  feet  per  year,  Knight  found  that  between  1836  and  l87h> 
the  averago  recession  at  18  section  and  quarter-section  lines  in  Racine  County 
wa3  3*33  feet  annually.  Chamberlin  ccmputod  that  the  average  annual  loss  at  8 
section  linos  in  Milwaukee  County,  between  1835  and  l87h,  was  2.79  feet, 

Frank  Leverett  in  1899**##  published  results  of  measurements  made  by  Surveyor 

***  Leverett,  Frank,  "The  Illinois  Glacial  Lobe,"  U,S,G,S,  Mon,  mvill, 

1899,  p.  Ii58. 

Galvin  of  Berrien  Oountyj  Michigan j  which  indicatod  an  average  annual  loss,  at 
8  points  In  that  county  during  the  bl  to  $7  years  following  1828,  of  3,30 
feot. 

Bo two on  1905  and  1907,  tho  low  bluff  in  lacustrine  clay  and  silt  at  Man¬ 
itowoc,  'TLsoonsin,  suffered  an  annual  recession  of  moro  than  ItO  feet,  according 
to  J,  W,  Goldthwalt,####  W,  E,  0*Brion  found  that  6  section  and  quarter 

####  Goldthwait,  James  W,,  "Abandonod  Shorolinos  of  Ea3tom  Wisconsin," 

Wls,  Oeol,  and  Nat,  Hist.  Surv,,  Bull,  17,  1907,  p,  58* 
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section  linos  in  Kenosha  County,  Wisconsin,  showed  an  aver a go  annual  loss  of 
6.8JU  foot  betwoen  1835  and  1922.*  J,  R,  Ball  found  that  k  measured  lines 

*  Ball,  J,  R,,  and  Powers,  TT,  E,,  Shoro  Recession  in  Southeastern  Wisconsin: 
Trans*  HI.  Acad.  Scionco,  Vol*  22,  1930>  P*  h38. 

north  of  Kenosha  shewed  an  average  annual  rocession  for  tho  period  1918-1921, 
a  time  of  high  water,  of  12,33  feet  per  year At  the  same  place  tho  loss 

##  Ball  and  Powers,  Idem,  p,  Ii39» 

between  1921  and  1929,  a  poriod  of  generally  low  water,  averaged  only  0,73 
feet  per  year. 

Wore  recent  studies  have  confirmed  the  fact  of  substantial  losses  to  tho 
shore.  In  four  segments  along  tho  Milwaukee  County  line,  the  Beach  Erosion 
Board  computed  the  average  annual  losses  between  1836  find  19^1  to  be,  from 
north  to  south,  2.5  feet,  1.6  feet,  2,8  feet,  and  1,2  feet.*##  Tho  Beach 

■k*-*  U.  S,  Amy,  Corps  of  Engineers,  Beach  Erosion  Board,  Beach  Erosion  Study, 
Lake  Michigan  Shoro  Line  of  Milwaukee  County,  Wisconsin:  U,S.  House  of 
Representatives,  79th  Congress,  2nd  Session,  19^6,  Document  No,  526,  p.  13. 

Erosion  Board  determined  that  bluff  recession  averaged  about  2  feet  per  year 
north  of  tho  harbor  in  Kenosha,  and  about  l  feet  south  of  the  harbor,  between 
1872  and  1955.*«*»w 

#*##  U#S#  Army,  Corps  of  Engineers,  Beach  Erosion  Board,  City  of  Kenosha, 
Wisconsin,  Beach  Erosion  Control  Study:  House  of  Representatives,  8lith 
Congress,  2nd  Session,  195£,  Document  No.  273,  p.  H 

In  Illinois,  tho  past  history  of  the  shoroline  from  Wilmotte  and  northward 
to  the  Wisconsin  line  shows  contradictions  because  (l)  part  of  this  shore  is 
a  law  lako  plain  of  natural  accrotion,  and  (2)  much  of  the  shore  here  has 
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boon  developed  since  1910  with  protoctivo  structures  which  have  promoted 
accretion,  oven  though  erosion  had  been  dominant  previously.*  The  low  lake 

*  U.  S.  Army,  Corps  of  Engineers,  Beach  Erosion  Board,  Illinois  Shore  of  Lake 
Michigan,  Beach  Erosion  Control  Study*  House  of  Representatives,  83d  Congress, 
1st  Session,  19S>3.  Document  Nc,  28,  pp,  30-31# 

plain  near  Camp  Logan  and  the  Wisconsin  line  suffered  erosion  losses  averaging 
7.3  foot  per  year  between  l8?2  and  19)46.  In  Waukegan,  the  same  lake  plain, 
during  the  same  period,  showed  an  average  annual  accretion  of  17.6  feetl 
Part  of  this  gain  may  havo  been  fill  placed  by  man*  Behavior  of  the  coastline 
south  of  Waukegan  shews  similar  contradictions,  although  losses  of  from  1  to 
nearly  6  foot  per  year  occurred  at  certain  points  betvreon  1072  and  1910. 

At  some  places,  the  process  changed  from  rocecsion  to  accretion  after  1910, 
due  to  development  of  the  shore. 

Remeasuroments  to  the  Lako  Michigan  Shore  at  Identifiable  Points 

A  part  of  the  present  study  is  an  attempt  to  evaluate  past  changes  in  the 
shorollno  at  places  othor  than  those  studied  by  the  Boach  Erosion  Board,  Early 
basic  measurements  were  furnished  by  (a)  tho  original  U.  S,  government  town¬ 
ship  surveys,  dating  from  tho  l830»s  for  most  of  tho  Lake  Michigan  shore  area, 
but  with  some  notes  dated  from  1829  to  l8£5j  and  (b)  surveyed  plats  of  shore 
subdivisions  dating  mainly  from  190c  to  1930,  but  with  a  few  earlier  and  later. 
No  surveyed  plat  was  used  of  later  date  than  1837. 

Field  notes  mado  during  tho  original  U.  S,  government  township  surveys 
record  tho  distances  from  section  and  quarter  posts  to  the  "meander  lino” 
of  the  lako.  Tho  "moandor  lino"  was  never  precisely  dofined,  but  clearly  it 
was  soldan,  if  over,  idontifiod  with  the  water  lino.  In  many  oases  tho 
measurements  woro  obviously  mado  to  somo  point  at  or  near  tho  edge  of  tho 
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bluff,  whore  prosont.  Our  re surveys  were  carried  in  every  case  to  the  edge 
of  the  bluff,  and  thus  our  computed  recession  must  be  somewhat  loss  than  the 
actual,  vfherever  the  original  meander  lino  was  inland  from  the  bluff  edge, 

Tho  pattern  of  roads  and  field  boundaries  on  aerial  photos  shows  many  section 
and  quarter  corners.  All  of  these  that  could  be  identified  within  1/2  mile 
to  1  mile  of  the  lake  were  tabulated,  and  their  original  chained  distances 
to  tho  meander  line  of  the  lake  wore  procured  from  copies  of  the  original 
field  notes  filed  in  state  officos  in  Madison,  Wisconsin;  Lansing,  Michigan; 
and  Indianapolis,  Indiana,  Where  possible,  those  distances  were  remeasured  in 
the  field,  eithor  with  a  steel  tape  or  by  stadia  measurement  with  a  telescopic 
alidade.  Tests  of  the  latter  method  indicated  a  probable  error  of  no  more 
than  0«5£,  a  value  on  most  lines  far  smaller  than  the  change  in  position  of 
the  shore  or  meander  lino.  In  no  case  was  an  original  corner  or  quarter  post 
recovered,  but  tho  position  of  long  established  fence  lines  and  other  boundary 
indications  chocked  closely  with  the  chained  distances  given  in  the  original 
survey.  It  is  believed  that  most  if  not  all  points  of  origin  used  for  re- 
measurement  were  correct  to  within  3  to  $  feet  of  thoir  true  position, 

A  considerable  number  of  surveyed  subdivision  plats  were  obtained  from 
county  engineers  and  recorders  of  doeds.  The  courtesy  and  assistance  of 
Messrs,  H,  E,  Stafseth  and  William  Osner  of  tho  Highway  Commission  of  Ottawa 
County,  Michigan  is  gratefully  acknowledged.  Many  of  these  plats  gave  dis¬ 
tances  to  the  waterline  rather  than  to  bluffs  or  othor  features  above  the 
bench  aono.  Inasmuch  as  position  of  the  waterline  changes,  without  erosion 
of  cr  accrotion  to  tho  shore,  by  any  change  in  water  lovol,  such  measurements 
are  loss  satisfactory  than  thoco  to  a  bluff  orest  which  can  chango  only  by 
further  rocossion.  In  some  of  tho  older  subdivision  plats,  it  proved  Impossible 
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in  the  field  to  recover  bho  original  street  pattern  and  other  reference  points. 
Some  of  the  projects  had  boen  abandoned;  in  others,  a  second  and  different 
subdivision  plan  had  been  superimposed  on  the  first,  Hov/evor,  approximately 
20  remeasurements  -wore  established  from  these  plats  and  arc  included  iu 

Table  in. 

A  summary  of  the  results  of  romeasurements  at  13U  selected  points  along 
the  Lake  Michigan  shoreline  is  given  in  Tabic  III,  For  each  point  is  listed 
the  location,  date  of  original  survey,  gain  or  loss  in  feet  up  to  the  year 
1957*  and  average  change  per  year  in  feet.  Of  the  13U  points  or  stations, 
six  showed  net  gain  or  accretion,  generally  small  but  amounting  in  one  case  to 
5,86  feet  per  year  betwoen  1902  and  1957*  Four  stations  shewed  no  chango 
during  the  period  of  record.  One  hundred  twenty-four  stations  showed  recession, 
averaging  1.1*7  feot  per  year.  The  greatest  loss,  3,1*0  feet  per  year  since 
1835-36,  was  recorded  in  Kenosha  County.  Thirty-four  stations  showed  an 
average  annual  loss  of  more  than  2  foot,  and  36,  a  loss  of  between  1  and  2 
foot.  Only  13  stations  showed  a  total  loss  of  more  than  300  feet  during  the 
period  of  record.  For  those  and  similar  details,  the  reader  is  referred  to 
Tablo  HI. 

The  total  recession  and  its  avorage  annual  rate  as  determined  for  these 
13l*  stations  Bte  both  smaller  than  vrould  be  expected  from  most  of  the  earlier 
studies  reviewed  under  ’’Former  Studios  of  Shoreline  Changes”  above.  It  is 
apparent  that  such  men  as  Chamberlin,  Hoy  and  Goldthwait  considered  only  shoro 
segments  of  unusually  severe  erosion. 
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Table  III.  Summary  of  Past  Erosion  or  Accretion  at  13U  Selected 


>  Points  on  the  Lake  Michigan  Shore 


No, 

County 

Tier 

Range 

Sec* 

Description 

Date 

Orig. 

Survey 

Gain(4") 
or  loss 
(-)  in 

feet  to 
1956-57 

Change 

Per 

Year 

1 

Kenosha 

1  H 

23  E 

32 

MW  Comer 

1835-6 

1016- 

8*14-0— 

2 

Kenosha 

1  N 

23  E 

7 

NE  Comer 

1835-6 

512- 

U.23- 

3 

Kenosha 

2  N 

23  s 

31 

NE  Comer 

1835-6 

23-f 

0.19-f- 

U 

Kenosha 

2  N 

23  E 

5 

SW  Comer 

1835-6 

297- 

2.U5- 

5 

Kenosha 

2  N 

23  E 

5 

NW  Comer 

1835-6 

U60- 

3,80- 

6 

Racine 

3  N 

23  E 

h 

N  i  Post 

1850 

136- 

1,12- 

SA 

Racine 

h  N 

23  E 

3b 

N  of  W  \ 

Post 

1926 

1*0- 

1.33- 

7 

Racine 

1*  N 

23  E 

27 

SW  Corner 

1835-6 

186- 

1.5U- 

8 

Racine 

b  N 

23  E 

17 

E  \  Post 

1835-6 

1U2- 

1.17- 

9 

Rnolno 

It  N 

23  E 

7 

N  £  Poet 

1835-6 

1*2  2- 

3.U9- 

SA¬ 

Ozaukee 

9  N 

22  E 

33 

SE  \  ■ 

1900 

35- 

0.61- 

SH 

Ozaukee 

9  N 

22  E 

28 

m  \ 

1926 

0 

0 

10 

Ozaukee 

9  N 

22  E 

29 

NE  Comer 

1833-U 

279- 

2.27- 

11 

Ozaukee 

9  N 

2?  E 

8 

S  i  Post 

1633-5 

353- 

2.89- 

12 

Ozaukee 

9  N 

22  E 

5 

S  ^  Post 

1833-5 

372- 

3,o5- 

13 

Ozaukee 

10  N 

22  E 

32 

NE  Comer 

1833-5 

1*16- 

3.U1- 

111 

Ozaukee 

10  N 

22  E 

16 

NE  Corner 

1833-5 

20> 

1,66— 

15 

Ozaukee 

10  N 

22  E 

3 

SW  Comer 

1833-5 

206- 

1.69- 

16 

Ozaukee 

11  N 

22  E 

2 

S  J  Post 

•'  1833-5 

156- 

1.28— 

17 

Ozaukee 

12  N 

23  E 

30 

NN  Comer 

1833-5 

1- 

0.01- 

18 

Ozaukee 

12  N 

22  F. 

25 

S  $  Post 

1833-5 

lU— 

0,11— 

No. 

County 

Tier 

Range 

Sec. 

Description 

Date 

Orig. 

Survey 

Gain(— 1 
or  loss 
(— )  in 
feet  to 

3 $&£ 

)  Change 
Per 
Year 

i:  9 

OaAukeo 

12  N 

23  B 

7 

flW  Corner 

1833-5 

n*- 

0,11- 

20 

Oaaukee 

12  N 

23  E 

6 

M  Comer 

1833-5 

2- 

0.02- 

21 

Sheboygan 

13  N 

23  E 

19 

NE  Comer 

183U-5 

1*9- 

0.1*0- 

22 

Sheboygan 

13  N 

23  E 

30 

SW  Comer 

l83i*-5 

52+ 

O.U24- 

23 

Sheboygan 

13  N 

23  E 

5 

SE  Comer 

183U-5 

67- 

0.55- 

21; 

Sheboygan 

lh  N 

23  E 

15 

SE  Comer 

183U-5 

69- 

0.57- 

25 

Sheboygan 

Hi  N 

23  E 

2 

S  \  Post 

183U-5 

11*5- 

1.19- 

25k 

Sheboygan 

15  N 

23  E 

3? 

NE  \  " 

1891 

67- 

1.02 

25B 

Sheboygan 

15  N 

23  E 

11 

SE  | 

1926 

0 

0 

26 

Sheboygan 

16  N 

23  E 

31* 

S  £  Post 

183U-5 

203- 

1.66— 

27 

Sheboygan 

16  N 

23  E 

27 

SW  Comer 

1831-5 

317- 

0.96- 

28 

Sheboygan 

16  N 

23  E 

27 

NW  Comer 

1831-5 

138- 

1.13- 

29 

Sheboygan 

16  N 

23  E 

22 

W  1/8  Poet, 

N  Line 

183U-5 

198- 

1.62- 

30 

Sheboygan 

16  N 

23  E 

i5 

IT  1/8  Post, 

N  Line 

183U-5 

115- 

0.91*- 

31 

Manitowoc 

17  N 

23  E 

31* 

N  i  Poet 

183 h 

168- 

1.37- 

31A 

Manitowoc 

17  N 

23  E 

27 

N5T  $  '  . 

1856 

7U- 

0.7U- 

33B 

Manitowoc 

17  M 

23  E 

27 

N.Lioe 

1866 

2l*— 

0.27- 

32 

Manitowoc 

17  N 

23  E 

22 

NE  Comer 

183U 

55- 

0.1*5- 

33 

Manitowoc 

17  N 

23  E 

11 

S  <  Post 

1831* 

21*1*- 

1.96- 

31* 

Manitowoc 

17  N 

23  E 

2 

NE  Comer 

1831* 

33- 

0.27- 

3? 

Manitowoc 

18  N 

23  E 

2U 

E  1/8  Post 

N  Line 

1831* 

21*- 

0.20- 

36 

Manitowoc 

18  N 

21;  E 

7 

Center 

1831* 

21*5- 

1.99- 

9b  c 


No. 

.  County 

Tier 

Range 

Sec 

.  Description 

Date 

Gain ( — 

)  Change 

Orig. 

or  loss 

Per 

Survey 

(-)  in 
feet  to 

1956-57 

Year 

37 

Manitowoc 

18  N 

21+  E 

5 

MW  Corner 

1831+ 

139- 

1.13- 

38 

Manitowoc 

19  N 

21+  E 

16 

NE  Comer 

1831+ 

231+- 

1.90- 

39 

Manitowoc 

21  N 

2  S>  E 

30 

SW  Comer 

1831+ 

273- 

2.22- 

ho 

Manitcrvroc 

21  N 

21+  E 

21+ 

MW  Corner 

1831+ 

350- 

2.85- 

la 

Manitowoc 

21  N 

21+  E 

21+ 

S  ^  Post 

1831+ 

31+1+- 

2.79- 

1+2 

Manitowoc 

21  N 

21+  E 

2 

S  £  Post 

1831+ 

231+- 

1.90- 

h3 

Manitowoc 

21  N 

21+  E 

2 

N  £  Post 

1831+ 

55- 

0.1+5- 

hh 

Kewaunee 

22  N 

21+  E 

36 

W  £  Post 

1831+-5 

272- 

2.23- 

US 

Kewaunee 

22  N 

21+  E 

13 

E  1/8  Post, 

S  Side 

1831+-5 

205- 

1.67- 

1+6 

Kewaunee 

22  N 

25  E 

6 

SW  Comer 

1831+-5 

52- 

0.1+2— 

1+7 

Kewaunee 

22  N 

25  E 

6 

NW  Comer 

1831+-5 

57- 

0.1+7- 

1+8 

Kewaunee 

23  N 

25  E 

31 

N  f  Post 

1831+ 

77- 

0.63- 

1+8A 

Kewaunee 

23  N 

25  E 

20 

m  -}  ' 

1883 

187-jr 

2.56-f 

1+9 

Kewaunee 

23  N 

25  E 

8 

SW  Comer 

1831+ 

ll+O- 

1.U+- 

So 

Kewaunee 

23  N 

25  E 

8 

N  Post 

1831+ 

71+- 

0.60- 

Si 

Kewaunee 

21  N 

25  E 

28 

NW  Comer 

I83I+ 

33- 

0.27- 

S2 

Kewaunee 

21+  N 

25  E 

16 

SW  Corner 

1831+ 

29- 

0.21+- 

S3 

Kewaunee 

21+  N 

25  E 

16 

N  ^  Post 

1831+ 

80- 

0.65- 

su 

Kewaunee 

21+  N 

25  E 

3 

W  1/8  Post, 

N  Side 

1831+ 

10*^- 

0,08-f- 

ss 

Kewaunee 

2S  N 

25  E 

23 

E  1/8  Post, 

S  Side 

1631+-5 

6L- 

0.50- 

S6 

Door 

26  N 

26  E 

21 

SW  Comer 

1835 

0 

0 

95. 


No. 

County 

Tior 

Range 

Sec, 

Description 

Date 

Orig, 

Survey 

Gain( — , 
or  loss 
(-)  in 
feet  to 
1956-57 

)  Change 
Per 
Year 

57 

Door 

26  N 

26  E 

21 

E  1/8  Post, 

N  Side 

1835 

22- 

0.13- 

58 

Door 

26  K 

26  E 

It 

S  t  Post 

1835 

2b- 

0.20- 

59 

Door 

26  N 

23  E 

21 

S  Post 

183b 

28- 

0.23- 

6o 

Door 

26  N 

23  E 

16 

NE  Comer 

183U 

39- 

0.32- 

6l 

Door 

26  N 

23  E 

28 

S  Post 

183b 

38- 

0.31- 

62 

Door 

26  N 

23  E 

32 

E  1/8  Post, 

S  Side 

I83I1 

llb- 

0,93- 

63 

Grand  Traverse 

28  N 

10  W 

31 

SV7  Comer 

1839 

93- 

0.7  9- 

6b 

Grand  Traverse  29  N 

10  W 

2? 

NE  Comer 

1839 

19- 

0.l6- 

65 

Grand  Traverse  30  N 

10  F 

33 

NE  Comer 

1839 

8- 

0.07- 

66 

Grand  Traverse 

29  N 

10  W 

9 

SW  Comer 

1839 

37- 

0.31— 

67 

Leelanau 

29  N 

11  W 

2 

W  1/8  Post 

S  Side 

1850 

29- 

0.27- 

68 

Leelanau 

30  N 

11  W 

27 

NE  Comer 

1851-2 

0 

0 

69 

Leelanau 

32  N 

10  ¥ 

17 

S7T  Corner 

1855 

lt2-f 

o.ltl-f- 

70 

Leelanau 

32  N 

10  w 

7 

NE  Corner 

1855 

32- 

0,31- 

71 

Leelanau 

31  N 

11  V 

7 

NE  Corner 

1851 

35- 

0.33- 

72 

Leelanau 

30  N 

lit  w 

36 

SE  Comer 

1839 

b2- 

0.36- 

73 

Leelanau 

29  N 

lit  7 J 

12 

F  1/8  Post, 

N  Side 

1839-50  398- 

3.37- 

7b 

Leelanau 

28  N 

15  w 

2lt 

E  1/8  Post, 

S  Side 

1850 

256- 

2»b0  — 

75 

Benzie 

25  N 

16  W 

3 

NE  Corner 

1038 

70- 

0.59- 

76 

Benzio 

25  N 

16  w 

3 

SE  Comer 

1838 

382- 

3.21- 

77 

Manistee 

2  h  N 

16  w 

21 

SE  Cornor 

1838-9 

96- 

0,81- 

96 


No. 

County 

Tier 

Range 

Sec, 

78 

Manistee 

23  N 

16  V/ 

29 

79 

Manistee 

22  N 

17  w 

25 

80 

Manistee 

21  N 

17  W 

lli 

81 

Manistee 

21  N 

17  W 

22 

82 

Manistee 

21  N 

17  W 

22 

83 

Mason 

18  N 

18  W 

10 

8U 

Mason 

18  N 

18  W 

35 

85 

Mason 

17  N 

18  W 

1 h 

86 

Oceana 

15  N 

18  W 

5 

87 

Muskegon 

'12  N 

18  W 

23 

88 

Muskegon 

12  N 

18  W 

23 

89 

Muskegon 

11  N 

17  W 

31 

90 

Muskegon 

11  N 

17  W 

31 

91 

Muskegon 

10  N 

17  V7 

8 

92 

Muskegon 

10  N 

17  W 

8 

93 

Muskegon 

9  N 

17  W 

2h 

9b 

Ottawa 

7N 

16  W 

28 

95 

Ottawa 

6  N 

16  W 

h 

96 

Ottawa 

5  N 

16  7T 

b 

97 

Ottawa 

6  N 

16  w 

33 

98 

Ottawa 

5  N 

16  M 

9 

Description 

Date 

Orig. 

Sui'vcy 

Gain( — )  Change 
or  loss  Per 
( — )  in  Year 
feet  to 

1956-57 

SE  Corner 

1902 

322-f- 

5.86-J- 

NE  Corner 

I8I4  7 

67- 

0.6l- 

1OT  Comer 

1837-9 

88- 

0.75- 

E  1/8  Post, 

N  Side 

1837-9 

68- 

0.58- 

l/8  mi.  S  of 

E  1/8  Post, 

N  Line 

1923 

5U- 

1.59- 

S W  Corner 

1838 

178- 

1.50- 

SW  Corner 

1838 

3I4- 

0.29- 

NW  Corner 

1838 

116- 

0,97- 

SE  Comer 

1838 

21I4- 

1.80- 

SW  Corner 

1837 

218- 

1.82- 

E  1/8  Post, 

N  Side 

1837 

128- 

1.07- 

NE  Comer 

1837 

169- 

1.1a- 

SE  Corner 

1837 

9U- 

0,78- 

NW  Comer 

1837 

122- 

1.02- 

S  £  Post 

1837 

231- 

1*93- 

NW  Comer 

1837 

10- 

0,08- 

N  £  Post 

1832 

95- 

0,76— 

S  \  Post 

1927 

26- 

0.87- 

NE  Corner 

1832 

100- 

0,80- 

N  J  Post 

1832 

lilt- 

0.91- 

Point  on  N-S 
k  Line,  13li  ft, 
S  of  N  1/8  Line 

1932 

80- 

3*20— 

97 


No. 

County 

Tier 

Range 

Sec, 

Description 

Date 

Orig, 

Survoy 

Gain(— 1 
or  loss 

(— )  In 

foot  to 

1956-57 

)  Change 
Per  Year 

99 

Ottawa 

5  N 

16  vr 

5 

Center 

1932 

139- 

5.56- 

100 

Ottav/a 

5  N 

1 6  \7 

9 

S  i  Foot 

1832 

5- 

0.03- 

101 

Ottawa 

5  N 

1 6‘V 

16 

S  \  Post 

1832 

66- 

0.53- 

102 

Allegan 

5  N 

16  T7 

21 

NE  Comer 

1831 

258- 

2.03- 

103 

Allegan 

3  N 

16  W 

20 

N  i  Post 

1831 

l52- 

1.13- 

10/4 

Allegan 

3  N 

16  77 

32 

NE  Comer 

1831 

19U- 

1.55- 

10? 

Allegan 

2  N 

16  77 

20 

N17  Corner 

1831 

196- 

1.55- 

106 

Allegan 

2  N 

16  77 

30 

N  1  Post 

1831 

130- 

1.03- 

107 

Allegan 

1  N 

17  77 

36 

NW  Comer 

1831 

227- 

1.80- 

108 

Allegan 

1  N 

17  77 

36 

SW  Corner 

1831 

166— 

1.32- 

109 

Van  Buren 

1  S 

17  W 

15 

N77  Comer 

1830 

358- 

2.75- 

no 

Van  Buren 

1  S 

17  W 

28 

N  -4-  Post 

1830 

177- 

i.5o- 

111 

Berrien 

3  S 

18  W 

21 

SE  Corner 

1830 

390- 

3*07- 

H.2 

Berrien 

3S 

18  W 

31 

SE  Corner 

1830 

25- 

0.20- 

U3 

Berrien 

5  s 

18  W 

6 

SE  Corner 

1830 

355- 

2.79- 

115 

Berrien 

5  s 

19  71 

3 

NE  Comer 

1829 

258- 

2.01- 

n5 

Berrien 

5  s 

19  w 

3 

SW  Corner 

1829 

152- 

1.11- 

116 

Berrien 

5  s 

19  W 

16 

N  ^  Post 

1829 

256— 

2.00- 

117 

Berrien 

7  S 

20  W 

9 

S  i  Post 

1829 

185- 

1.55- 

118 

Berrien 

7  s 

21  77 

25 

S  £  Post 

1829 

372- 

2.91- 

119 

La  Porte,  Ind. 

38  N 

3  77 

12 

SW  Comer 

1937 

55- 

2.25- 

120 

Porter 

38  N 

5  71 

35 

NW  £  SE  $ 

1927 

88- 

3.03- 

121 

Porter 

38  N 

5  W 

35 

Near  N-3  ^ 
Line 

1927 

68- 

2.35- 

Ho, 

County 

Tier 

Range 

See, 

Description 

Date 

Orig. 

Survey 

Gain( — ) 
or  loss 
(~)  in 
foet  to 

1936-37 

98. 

Change 
Per  Year 

122 

Porter 

38  N 

5  w 

33 

Near  SVf  Corner 

1927 

117- 

U.03- 

123 

Porter 

37  N 

5  w 

3 

NE  \  NE  \ 

1927 

86- 

2,97- 

12U 

Porter 

37  N 

5  7T 

3 

MY  |  HE  \ 

1927 

62- 

2.11:- 

125 

Porter 

37  N 

5  w 

3 

sn  i  m  % 

1927 

60— 

2.07- 

126 

Porter 

37  N 

3  w 

U 

SE^  NE  4 

1927 

72- 

2.1:8 

127 

Porter 

37  N 

3  w 

h 

NVT  \  SE  \ 

1927 

112- 

3.86- 

Summery:  Number  of  Stations:  I3I1. 

N>mibor  showing  net  accretion:  6. 

Average  gain  per  year  at  the  6:  1.59  feet. 

Number  showing  no  change:  lu 
Number  showing  net  erosion  loss:  12U* 

Average  loss  por  year  at  the  121: :  1.1:7  foot. 

Rolation  of  Shore  Changes  to  Lake  Levels 
It  is  apparent  that  the  rate  of  shore  change,  particularly  erosion,  has 
varied  greatly.  The  factors  chiefly  responsible  for  such  variation  in  rate 
of  erosion  are  protective  structures  built  by  man,  storm3  of  unusual  severity, 
and  fluctuations  in  moan  lake  level. 

Protective  structures  have  been  placed  along  the  lake  shore  at  many 
points  by  individuals  and  by  municipalities,  highway  departments,  railroads 
and  othor  largo  organizations.  The  scale  of  such  structures  rangos  from  in¬ 
expensive  groins  or  seawalls  of  boulders  placed  at  ono  or  tvro  points,  to 
massive  piers  and  walls  of  driven  steel  piling,  camont,  and  heavy  riprap  so 
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plaoed  as  to  protect  shore  segments  several  hundred  yards  in  length,  Uhere 
such  protective  structures  have  been  property  designed,  sturdily  built,  and 
of  a  scalo  sufficient  to  proto ct  the  entire  area  of  critical  erosion,  they 
have  generally  retarded  or  checked  recession  of  the  shore,  Tfhere  they  have 
failed  in  their  purpose,  the  failure  has  commonly  been  due  to  faulty  design, 

■weak  construction,  and  inadequate  coverage  of  the  shore  segment  undergoing 
erosion,  A  single  individual  can  seldcro  cope  effectively  with  erosion  of  his 
shore,  partly  because  the  cost  of  proper  structures  is  generally  beyond  his 
moans,  but  also  because  shoro  erosion  vrill  continue  on  both  sido3  of  his  proporty, 
which  then  becomes  subject  to  attack  on  3  sides  (see  Figure  8),  Because  the 
problem  of  such  shore  protection  has  been  long  and  successfully  investigated  by 
the  U.  S.  Army,  Corps  of  Engineers,  and  by  private  engineering  organizations, 
it  will  not  be  discussed  further  in  this  report. 

Unusually  severe  storms  occur  at  irregular  intervals  and  have  often  caused 
accelerated  erosion  of  the  shore.  Among  them  are  the  storms  of  October  22  and 
29,  1929}  September  28,  19b$;  May  28-29,  19^7 ;  January  1  and  March  26-28, 

19h8.  The  unusual  vigor  of  wave  attack  during  such  storms  is  due  partly  to 
greatly  increased  wind  volocity  and  hence  wave  onorgy  and  height  of  'craves;  and 
partly  to  the  in  wntor  invni  nfinooiatod  with  ntrong  onshore  windo*  Such 
high  water  may  oxcood  mean  level  for  the  period  by  as  much  as  two  feet.  Data 
on  actual  losses  to  the  shoreline  during  such  storms  are  meager.  Recession 
of  from  one  to  several  foot  during  a  single  storm  have  been  reported.  Because 
quantitative  data  over  a  conoidorablo  period  of  time  aro  lading,  no  evaluation 
of  the  total  effects  of  unusual  storms  can  bo  mado  hero. 

It  has  long  been  lmown  that  fluctuations  oocur  in  tho  moan  monthly  and 
annual  levols  of  Lako  Michigan,  Fluctuations  of  oven  shorter  periods,  often 
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less  than  one  day,  ore  also  loiown  and  arc  attributed  to  changes  in  wind 
diroction  and  barometric  prossure,#  The  monthly  fluctuations  follow  somewhat 

*  Powers,  W,  B,,  Effects  of  Barometric  Pressure  and  Winds  on  the  Level  of 
Lako  Michigan:  Trans,,  Illinois  State  Acad,  of  Science,  vol.  27,  193hf 
pp.  113-nii. 

irrogularly  an  annual  cycle  involving  high  rater  in  early  summer  and  low  rater 
in  winter.  The  annual  fluctuations  arc  related  partly  to  rainfall  variations 
but  even  more  to  variations  in  rate  of  evaporation.  Mean  annual  lake  levels 
rise  and  fall  irregularly  with  peaks  occurring  every  10  to  3?  years.  Since 
1861:,  peaks  in  the  lake  level  curve  have  occurred  in  3.870,  1876,  1886,  possibly 
1893#  1899,  1905-8,  1918,  1929,  19k 3-1952.  Levels  wore  vory  low  in  1925-26, 
and  1932-37.  They  were  generally  high  for  the  decade  19h3-52 . 

It  is  apparent  that  most  shore  erosion  and  recession  occur  during  periods 
of  high  water.  Dated  photographs  of  bluffs,  taken  in  past  years,  commonly 
3how  grassed  and  stable  slopes  during  low  rater  periods,  but  fresh  cuts  and 
ovidences  of  rapid  erosion  during  high  rater.  Newspaper  accounts  of  rave 
damage  prove  the  same  relationship.  However,  there  are  f ew  actual  measure¬ 
ments  rocordod  from  year  to  yoar  which  porrait  tho  relationship  of  erosion 
rate  to  lake  lovol  to  be  put  on  a  quantitative  basis.  By  statistical  analysis, 
involving  known  fluctuations  in  lake  level  and  varying  rates  of  erosion  along 
the  shore,  the  Beach  Erosion  Board  estimated  that  bluff  recession  in  Milwaukee 
County  averages  1,0  foot  per  yoar  for  a  maximum  lake  levol  of  579  feet;  2,1 
foot  per  yoar  for  58l  feet;  and  3*2  feet  por  year  for  583  foet,-?:-*  Your 

Beach  Erosion  Board,  U.  S,  Army  Corps  of  Engineers,  Boach  Erosion  Study, 

Lako  Michigan  Shoro  Lino  of  Milwaukee  County,  Wisconsin:  U,  S,  House  of 
Representatives,  79th  Congress,  2nd  Session,  Document  No,  526,  19h6. 
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author  boliovos  that  those  figuros  are  conservative  and  that  annual  orosion 
at  the  583-foot  lovol  would  probably  be  far  more  than  3«2  times  that  at  the 
579-foot  lovol.  The  work  of  J,  R,  Ball  near  Kenosha,  quoted  previously  under 
"Former  Studios  of  Shoroline  "Changes/1  shovrcd  on  avorago  annual  rooossion 
of  12,33  foot  per  year  from  1918  to  1921,  vrhen  lake  level  averaged  about 
580,6  feet;  and  0.73  feet  per  year  from  1921  to  192 9,  when  lake  level  averaged 
about  579*3  feet.  It  is  apparent  that  yearly  measurements  on  erosion  over  a 
period  of  years  are  needed,  before  a  quantitative  relationship  can  be  es¬ 
tablished  between  lake  levels  and  erosion  rates. 

A  human  factor  also  entors  into  this  problem.  Long  periods  of  love  lake 
levels,  as  that  between  1929  and  19lt3,  are  times  of  bread  beaches  and  feeble 
wave  attack  on  the  shore.  Groins  and  other  protective  structures  are  allowed 
to  lapse  into  disrepair.  Then  Then  another  high  water  period  arrives,  the 
decayed  shore  structures  may  be  quickly  destroyed  by  wave  action,  and  the 
shore  is  left  open  to  attack.  Such  was  the  situation  in  19U3,  when  the  un¬ 
expected  return  to  a  high  water  level  promptly  caused  serious  damage  to  the 
shore  and  shoro  properties,  which  owners  often  did  not  have  the  moans  to 
combat  immediately. 

APPLICABILITY  OF  SHORELINE  STUDIES  ON  LAKE  MICHIGAN 
TO  OTHER  LARGS  INLAND  LAKES  '  "" 

Comparable  Largo  Lakes  Elsewhore 

Lakes  comparable  in  size  to  Lake  Michigan  include  Superior,  Huron,  Erie, 
and  Ontario  in  the  United  States;  Winnipeg,  Athabnska,  Great  Slave,  and  Great 
Bear  in  Canada;  Caspian  Soa,  Aral.  Sea,  Ladoga,  Balkhash,  and  Baikal  in  Eurasia; 
and  Victoria,  Rudolf,  Albert,  Nyasa,  and  Tanganyika  in  Africa.  Although 
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differing  greatly  from  Lake  Michigan  in  outline,  geological  structure  and 
history,  most  of  these  lakes  possess  many  similarities  to  Lake  Michigan.  A 
few  differ  notably  in  one  particular:  they  lie  deep  below  surrounding  mountains 
or  elevated  plateaus.  Specifically,  Lake  Baikal  lies  amidst  mountains, 
while  ail  of  the  African  lakes  except  Victoria  are  in  valleys  sunk  deeply 
below  a  plateau  surface.  On  the  contrary,  the  others  are  all  in  plains  or  low¬ 
lands  and  their  shorelines  possess  many  similarities  to  tha>V  of  Lak^  Michigan. 

Processes  similar  to  those  on  Lake  Michigan  are  now  modifying  the  :rast 
zones  of  these  other  large  lakes,  and  have  done  so  in  the  past.  Similar  basic 
shore  zone  features  have  been  developed,  including  bluffs,  cliffs,  dunes, 
bars,  and  nips.  rrith  appropriate  modifications  where  necessary,  the  letter 
code  used  for  describing  the  shore  zone  elements  of  Lake  Michigan  c:an  be 
appliod  to  all  other  large  lakes.  Host  of  the  larger  shore  zone  features 
identified  on  Lake  Michigan  can  be  recognized  on  good  aerial  photo;;  of  large 
scalo;  this  statement  applies  particularly  to  bluffs,  cliffs,  dunes,  low 
plains,  and  other  major  features.  TTidthc  of  beaches  can  be  measured  from  the 
photos;  areas  of  active  erosion  can  be  identified  by  narrow  beach  zones  and 
lack  of  vegetation  on  frosh  bluffs;  the  nature  of  beach  materials  can  usually 
be  deduced  from  tho  character  of  the  landface  and  backland  areas  and  the  in¬ 
ferred  nature  of  shoro  procossos.  Associations  of  shore  zone  features,  ob- 
Gorvod  in  tho  Lake  Michigan  area,  can  bo  extended  to  other  largo  lake  basins. 
Therefore  tho  types  of  shoro  zone  features  on  Lako  Michigan,  tho  mothods 
dovolopod  for  mapping  them  in  code,  and  their  observed  combinations  and 
associations,  can  bo  appliod  to  the  study  of  any  other  largo  lako.  By  such 
study,  shoro  zone  areas  can  bo  identified  Ydiich  are  bost  suitod  for  mrnts 
operations,  of  whatever  character  thoy  may  be. 


x:  ’SifDi::  I.  Explanation  of  Graphic  S^nbols  used  on  the  26  Section  .  aps 
of  the  Lako  ichigan  Shore* 

71  ■ 

f  '  ^  Dune  71  foet  high.  Shore  at  left, 

9° 

]■'  ^  Duno  90  feat  high,  rith  bluff  66  .fact  c.igh* 

61 

30  v 

r"*V  *  june  30  feet  high,  in  front  of  dune  6l  feet  high. 

6?  / - 


66 

0 

30 


50 


_2  Fluff  65  feet  high. 


36. 


Dune  32  feet  high,  on  upland  vrith  bluff  50  feet  high. 


Dune  at  base  of  bluff  36  feet  high 


10 


30/ 

/ 


Loner  and  higher  bluffs,  10  and  30  feet  high. 


35 


a? 


Hock  oliff  35  feet  high. 


Lo'-’er  and  higher  rock  cliffs,  12  and  25  feet  high. 


Rock  cliff  9  foet  high,  belor;  Bluff  22  feet  high,  above. 

/  Bluff  33  feet  high,  bclov:;  cliff  27  feet  high,  above. 


19-. 


U8 


Dune  on  upland;  bluffs  below  and  abovo. 


APPENDIX  33.  Code  (Letter  and  Numeral)  Used  in  Field  Mapping ,  in  Table 
II,  in  Descriptions  of  Figures,  and  on  tho  26  Section  Haps 
Showing  Characteristics  of  the  Shore  Zone, 

A.  Upland  vdth  bluff. 

Ah  —  high  bluff,  more  than  20  feet  high. 

Ai  —  low  bluff,  less  tlian  20  feet  high. 

Materials  of  bluff  and  backland: 

1.  Glacial  till 

2.  Glacial  sand  and  gravel 

3.  Dune  sand 

U.  Lacustrine  sand  and  gravel 

5,  Lacustrine  silt  or  clay 

Examples:  Ah-1,  high  upland  of  till,  with  bluff. 

Al-l/Ii ,  low  upland  of  till  over  lacustrine  sand  and 
gravel,  with  bluff, 

B.  Low  plain,  generally  without  nip. 

Materials  of  plain i 

1  to  5«  Same  as  above 

6,  Stream  alluvium,  mainly  gravel,  send  mud  and  silt 

7,  Swamp 

8,  Bedrock 

If  reck  ledge  or  reef  occurs  in  beach  zone,  r  is  added. 

Examples  B-2-r,  lor;  plain  of  glacial  sand  and  gravel,  vrith  reef 
on  beach o 

0.  Foredunes,  mostly  less  than  20  feet  high. 

Cb,  if  low  bluff  or  nip  is  present. 

C,  if  no  bluff  or  nip  is  present. 

D,  Old  dunes,  generally  wooded  and  mostly  more  than  20  feet  high. 

Dh  —  high  dunes,  more  than  UO  feet  high. 

D1  —  low  dunes,  less  than  UO  feet  high. 

If  bluff  is  present  b  is  added. 

Examples  Dlb,  low  dunes  with  bluff, 

E  Ei  Band  bar  or  spit* 

If  dunes  are  on  top,  cl  is  added. 

Example:  Ed,  spit  or  bar  vdth  dunes, 

F,  Bodrock  upland  with  cliff, 

Fh  —  high  cliff,  more  than  20  feet  high, 

FI  —  low  cliff,  less  than  20  feet  high, 

M,  Roed  marsh  in  offshore  or  foreshore.  Generally  no  beach  is  present. 
This  typo  occurs  with  other  basic  types  of  coastal  features. 

Example:  B-ii-M:  Low  plain  of  lacustrine  sand  and  gravel, 
with  roed  marsh  offshore, 

R,  Artificial  fill.  This  generally  occurs  vdth  scmo  other  basic  types 

of  0008 tfll  footuron. 

Example:  Al^-R,  upland  of  glaoial  sand  and  gravel  vdth  bluff  loss 
than  20  feet  high,  vdth  artificial  fill  along  "shore, 11 
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